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Foreword
The Finnish Environment Institute, the Southeast Finland Regional Environment
Centre, the Regional Council of Kymenlaakso and the Thule Institute of the
University of Oulu are conducting (September 1, 2002 – December 31, 2004) a Life-
Environment project called “The Eco-efficiency of Regions – Case Kymenlaakso
(ECOREG)” (LIFE02 ENV/FIN/000331).
The first sub-project of the ECOREG project conducted an environmental
analysis of the Kymenlaakso region and designed environmental indicators based
on this analysis. This report documents the work conducted. The indicators can be
used as such in monitoring the development of the environment in Kymenlaakso,
but they are intended for use especially in the final stage of the project. This final
stage involves the development of a monitoring system for eco-efficiency in
Kymenlaakso, which combines the environmental, economic and socio-cultural
perspectives.
Interim results of the regional environmental analysis have been discussed in
several meetings of the ECOREG steering group and at two regional workshops
arranged in Kymenlaakso.
The present report was written by Sirkka Koskela, Marja-Riitta Hiltunen, Matti
Melanen, Tuuli Myllymaa, Jyri Seppälä and Jyrki Tenhunen from the Finnish
Environment Institute and Mika Toikka from the Southeast Finland Regional
Environment Centre.
Matti Melanen
Project Manager, ECOREG project
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Summary
The environmental analysis for Kymenlaakso for the year 2000 included an inventory
and a subsequent impact assessment based on life cycle assessment methodology:
The first aim was to identify the environmental burdens and impacts of the most
important activities in the region of Kymenlaakso. Moreover, the boundaries of the
analysis were expanded to include, besides the local impacts, also the environmental
burdens and impacts of fuels, electricity and the major industrial raw material flows
imported into the region. The material flows included in the inventory covered
86.2 % of the total mass of imports. Exports by businesses in the region were left
outside the scope of the study.
The most important activity sectors in the local environmental analysis were
agriculture, forestry, industry, communities and traffic. The industrial classification
of the imported product flows was considerably more detailed than the classification
by activity sector. These two classifications could not be combined in all cases, and
thus the total results cannot be presented by industrial categories.
Conducting the very comprehensive inventory stage of the regional
environmental analysis of Kymenlaakso required numerous estimates, calculations
and statistical investigations. The local emissions and other environmental burdens
were analysed using decision analysis and an impact assessment model employing
the methods used in life cycle assessment. The model included the emission data
obtained through measurements and calculations, evaluations by local experts on
the different environmental loads, and the opinions of local decision makers on
the relative severity of the different environmental problems.
The core of the business economy in Kymenlaakso is a strong processing
industry and the sub-contracting and service businesses that have evolved around
it, including especially logistics services. There is a large concentration of the pulp
and paper industry in Kymenlaakso, which makes the energy intensity of the region
significantly higher than the national average. In the year 2000, Kymenlaakso was
the second largest energy consumer among the regions in Finland. The region’s
own electricity production has decreased significantly between 1995 and 2000.
During this period, the electricity self-sufficiency in the region has declined from
68 per cent to 51 per cent.
Industry gained the highest impact value in the total results of the impact
assessment. In Kymenlaakso, industry accounts for half or almost half of the carbon
dioxide, methane, nitrogen oxide and sulphur dioxide emissions to air. Among the
other sectors, traffic and communities (including, e.g., energy production) gained
approximately equal damage scores, which were about 2/3 of the score for industry.
According to the results of the impact assessment, less damage is caused by
agriculture and forestry, with agriculture gaining about double the impact value of
forestry.
The location of Kymenlaakso on the eastern border of Finland increases the
amount of transit transports and other traffic through the area. According to the
results of the emission inventory, personal traffic caused distinctly more
environmental burdens than goods transports. The actual transit transports
constituted a minor share of the traffic emissions. The share of transit transports is
only notable in the transports by sea, of which transit transports constitute one-
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fifth, and are visible in a large share of the sulphur dioxide emissions. The through
traffic on the roads consists primarily of goods transports. Goods transports account
for about one-third of the total carbon dioxide emissions from road traffic, and of
these emissions, the share due to transports within the area is twice as large of that
of through traffic. In passenger traffic, through traffic only constituted one-sixth.
Among all the traffic forms, rail traffic caused the least environmental burdens in
the Kymenlaakso region in 2000.
The relative share of the emissions from the production stage of products
imported into Kymenlaakso, in proportion to the combined results for local activities
and imports, varied by emission category. In the impact assessment, imports were
analysed using five impact categories. The results indicate that the environmental
impacts of imports are definitely larger than those of traffic in Kymenlaakso, for
example, and are comparable to the activity sectors leading to the greatest
environmental burdens within the region itself. When comparing the environmental
impacts of imports with the local impacts, it is also worth bearing in mind that the
imports considered in the present study did not include food or consumer goods.
The environmental analysis performed for the year 2000 in Kymenlaakso
provides a reference point with which to compare findings for the following years.
Even though it was not possible to make comprehensive comparisons with earlier
years, the environmental analysis provides a good overview of the structure of
environmental interventions in the region, and the roles of different activity sectors
in engendering different kinds of emissions and environmental impacts. The local
decision makers’ evaluations of the relative importance of different environmental
problems also provided valuable information.
Altogether, 26 environmental indicators were selected for annual monitoring.
The environmental burdens used in the impact assessment model of the
environmental analysis were not suitable as indicators in themselves, but they
formed the basis for selecting and designing indicators. The indicators selected
mainly represent environmental conditions or burdens, but also include a few
environmental protection measures primarily related to conserving biodiversity.
An important criterion in selecting the indicators was the ease of obtaining data
from statistics or databases.
Almost all the selected indicators are suitable for use in Europe as whole. In
their present form, they are particularly applicable to Finnish regions. Elsewhere in
Europe, there is also a need to develop other indicators providing a better picture
of the environmental trends in each specific region, and the selection process
developed in the present study provides a good basis for such endeavours.
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Introduction
The main objective set for the ECOREG sub-project on environmental factors was
to conduct an environmental analysis of the Kymenlaakso region. The method
adopted was regional environmental analysis (Tenhunen and Seppälä 2000), which
is suitable for analysing the environmental burden of different kinds of economic
activities within the region, as well as their environmental impacts. The analysis of
all activities using the same method provides a good overview of the relevance of
the different activity sectors, or on a more detailed level, industrial categories, in
the formation of the total environmental load in the region. The most important
activity sectors in the local environmental analysis are agriculture, forestry, industry,
communities and traffic.
The environmental analysis employs a modified form of the standardised life
cycle assessment methology (ISO 14 040 series), in which the environmental impact
assessment and interpretation are based on inventory results (emissions) collected
in the region, and other significant impacts that can be estimated. The present study
adopted a life cycle approach and expanded the regional analysis to also encompass
the environmental burdens and impacts outside the region caused by the production
of imported products, to the extent possible in terms of data availability and the
other limitations of the study (such as time and resources).
An analysis like the very comprehensive environmental analysis reported here
would be quite laborious to conduct every year. Thus, for the purposes of the eco-
efficiency evaluation and monitoring system of the ECOREG project, applicable
environmental indicators for the region were defined for annual monitoring. The
starting point for their selection process was provided by the results of the regional
environmental analysis of Kymenlaakso. These indicators were created in a joint
process involving, not only the researchers from the Finnish Environment Institute,
but also the members of the project steering group, and participants in the second
regional seminar (Kotka, Dec. 1, 2003).
The regional emission inventory was a co-operative effort of the Finnish
Environment Institute and the Southeast Finland Regional Environment Centre.
The researchers from the Finnish Environment Institute took responsibility for the
impact assessment and the assessment of the emissions caused by imports. Data on
the material and energy flows of the region were obtained from the Thule Institute,
a partner in the ECOREG project. These data were used to define the emissions
arising in the manufacturing of imported products.
The ECOREG sub-project on environmental factors consisted of three stages:
the inventory analysis, the impact assessment, and the environmental indicators.
They are presented as separate sections in the present report, even though they are
closely connected to each other, and together constitute a broader entity. The names
and topics of the sections in the report are:
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Part 1. Environmental burdens in 2000
– Regional environmental inventory by activity sector
– Emissions outside Kymenlaakso caused by the production of imported
materials and energy
Part 2. Regional environmental impact assessment
– Local environmental impact assessment according to life cycle assessment
methodology
– Environmental impacts outside Kymenlaakso caused by imported materials
and energy
Part 3. Environmental indicators for the Kymenlaakso region
– Environmental indicators for annual monitoring in the eco-efficiency
evaluation and monitoring system
– Other indicators
– Applicability of the indicators elsewhere
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Starting points of the inventory
analysis
1.1 Stages of a life cycle assessment
Life cycle assessment (LCA) is a data collection and analysis method for identifying,
quantifying, interpreting and evaluating the environmental burdens of a product
or service throughout its life cycle. The International Organization for
Standardization, ISO, has published four standards (14040-43) on the application
of this method. The aim of the standards is to establish a uniform basis for life cycle
studies and provide guidance on the transparent reporting of basic data and results.
(ISO 14041).
The stages of a life cycle assessment, according to the standards, include the
goal definition and scoping, inventory analysis, impact assessment, and
interpretation of the results. The interactions between the different stages are
illustrated in Figure 1.
The regional environmental analysis is an application of the life cycle
assessment method within specific boundaries. Each stage is carried out to as far as
necessary from the perspective of the aim of the study.
Figure 1. The stages of a life cycle assessment (ISO 14040, 14043).
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 1
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14 The Finnish Environment 697en
1.2 Boundaries of the inventory analysis
The business community within a region requires raw materials and energy for its
operations. Some of these are produced within the region and others outside it.
Geographically, the imported material and energy flows of the Kymenlaakso region
are either obtained from raw materials and products produced elsewhere in Finland,
or from imports from abroad. The material flow also extends outside the region in
the form of exports to the rest of Finland or abroad (Figure 2).
Figure 2. Boundaries of the regional inventory analysis.
The aim of the regional emissions inventory is to identify the environmental
burdens caused by all the major relevant local operations in the Kymenlaakso region,
including both point-source and dispersed emissions. The geographical boundary
is thus the region, which is an administrative unit comparable to a province.
Following the principles of life cycle thinking, the scope of the inventory was
extended to include the environmental burdens in the form of emissions caused by
raw materials and electricity imported into the region. The potential environmental
burdens of exported products were excluded from the inventory analysis.
Regional environmental burden = environmental emissions caused by
the different activity sectors in Kymenlaakso itself
Environmental burden of imports = environmental emissions caused at
the production stage of products and energy produced outside
Kymenlaakso but used within it
In the ECOREG sub-project on economic and material flow indicators (Mäenpää
and Mänty 2004), the total material flows of imports were assessed. The major share
of imported materials consists of industrial raw materials, fossil fuels, consumer
products for households and food. In the present study, the assessment of the
emissions from the production of imported products was limited to analysing only
the largest (>100 000 t/a) industrial raw material flows, fuels and electrical energy.
This limit was drawn because the assessment of the emissions from the production
of smaller raw material flows and consumer goods is, for the present, extremely
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difficult or partly even impossible, due to the broad range of products and the lack
of data. The material flows included in the inventory covered 86.2 % of the total
material flow of imports.
The calculation of the material flows uses the industry classification (Annex
1), which is based on the common European industry classification (NACE, adopted
by Directive of the Commission of the European Union). At the start of the study,
an attempt was made to unify the activity sectors of the environmental analysis
and the NACE classification. This was not, however, entirely successful. The activity
sectors in the regional emission inventory – i.e., agriculture, forestry, fish farming,
peat production, land extraction, industry, communities and traffic – were selected
largely on the basis of systems for recording statistics on environmental emissions
(Table 1). The NACE classification used for imports is much more detailed than the
activity sector classification. It was not possible to make a separate estimation of the
environmental loads for all industry categories (e.g., wholesale and retail trade,
hotels and restaurants, education, construction, etc.). In fact, many of these industries
are located under “communities” in the environmental analysis. The best match in
scopes was achieved for agriculture, forestry and industry.
It proved especially difficult to combine the transport sector with imports. In
imports, the NACE codes 60-64 only included fuel use by transport companies
operating in the region. The emissions from traffic in the environmental analysis,
however, encompassed all traffic in the region (e.g., road, rail and maritime traffic).
Table 1. Differences between the activity sectors used in the regional environmental analysis and in the analysis of imports.
NACE code Regional environmental loads NACE code Environmental loads from imports
01 Agriculture 01 Agriculture
02 Forestry 02 Forestry
05 Fish farming - -
10 Peat production - -
14 Land extraction (included in industry)
15-37 Industry 14-37 Industry
40, 90 Communities
- includes individual building heating 40 Distribution of electricity and heat
60-61 Traffic 60-64 Transport and communication
- includes all road, rail and - includes only fuels purchased by
maritime traffic in the region transport companies
Other activities Other activities
Households
- includes fuels purchased by households
In the present study, the emissions caused by imports and the local emissions are
presented in separate tables in order to underline the fact that the industry
classifications are not mutually compatible in all respects. It is also important to
note that even though the study includes almost 90 % of the quantity of the imported
products, it does not include food or consumer goods.
In the environmental analysis of Kymenlaakso, the length of the period
analysed is one year, in this case the year 2000. In the inventory analysis, the
emissions are calculated per annual production of the activity sectors. When
considering the whole of Kymenlaakso, this means that they are calculated in relation
to the total annual production in the region.
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1.3 Data collection and calculation
The results of the regional emission inventory for Kymenlaakso were obtained using
mainly publicly available statistics. When conducting the inventory, however, we
were forced to fall back on our own calculations fairly frequently, in cases when the
data were not directly applicable to needs of the study, for example due to the use
of a different categorisation. In some cases, problems also arose from the fact that
some statistics pertained to the entire Southeast Finland, i.e., to both Kymenlaakso
and Southern Karelia. In these cases, the share for Kymenlaakso had to be calculated
separately, either by the original providers of the data, or by dividing the data
between the regions of Southeast Finland using specific criteria.
Statistics Finland and the Hertta and Vahti data systems of the environmental
administration constituted the most important public data sources. The latter was
especially important in defining the emissions from industry and communities. In
addition to the statistics, also estimates by experts were utilised in the data collection.
For example, the dispersed pollution from agriculture and forestry were calculated
solely on the basis of expert estimates and models. Experts were also needed when
dividing the emissions from traffic between local and through traffic. The emission
factors for different kinds of transport vehicles from the Lipasto calculation system
by the VTT Technical Research Centre were used to estimate the emission from
traffic and machinery. Computational coefficients were also used for estimating
the emissions from single-house heating system in communities, and other fuel
use on which no statistics were available. The basic calculation procedures used for
the activity sectors are presented as transparently as possible in connection with
each sector in Chapter 2.
The data on material flows from imports were obtained for the inventory from
the ECOREG sub-project on economic and material flow indicators (Mäenpää and
Mänty 2004). The environmental burdens of the imports, in turn, were calculated
using the KCL-ECO computer program (KCL 2004). As sources for the inventory
data on imported products, we used the Ecoinvent (2004) and KCL-ECO databases
as well as data collected in connection with previous life cycle studies by the Finnish
Environment Institute.
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Environmental burdens by
activity sector in Kymenlaakso
2.1 Agriculture
2.1.1 Agricultural structure
Grain and dairy farming have a significant role in the agriculture in Kymenlaakso,
whereas meat farming and other forms of production are less common. In 2000,
about half of the farms in the region were focused on grain farming and about one-
fourth, on dairy farming. The total area of arable and market garden land was 84
342 ha, of which 6 684 ha (about 6 %) were in organic production. The average area
under cultivation per farm was about 32 ha (total number of farms, 2 783, TIKE
2002).
In 2002, there were 73 greenhouse enterprises in Kymenlaakso, amounting to
2.7 % of the greenhouses in Finland (Market Garden Register 2000). The total area
of greenhouse production was 26.4 hectares (5.4 % of the total acreage in greenhouse
production in Finland). In the Kymenlaakso region, the greenhouses are somewhat
larger than on an average in the country. In reality, the acreage is slightly more than
the area given above, (see following paragraph), as ten greenhouse enterprises have
not been registered due to data security reasons.
In the year 2000, 7.13 ha of the total greenhouse area were dedicated to
vegetable cultivation. The cultivation area of decorative plants was 19.37 ha, whereas
seedlings and grafts were grown on 1.05 ha and berries on 0.8 ha. Adding up all
these cultivation areas, we gain a total greenhouse cultivation area of 28.35 ha for
Kymenlaakso. The main agricultural products of Kymenlaakso are presented in Table
2. The crop production yields were calculated on the basis of the entire production
of Southeast Finland, and divided in proportion to the production areas in the
regions (TIKE 2001, TIKE 2003 a).
Table 2. Main agricultural products of Kymenlaakso in 2000 (TIKE 2001, 2003a, 2003b, Market Garden Register 2000).
Crop production (1 000 t) Livestock production (carcass weight t) Greenhouse cultivation (t)
Barley 73.3 Cows 956.0 Greenhouse cultivation
Oats 72.2 Young cattle 1 417.0 Vegetables 1 897
Wheat 25.3 Sheep 15.2 Potted vegetables (1000 pieces) 4 257
Grass crops 211 Pigs 3 288.6 Cultivation in the open
Potato 10.4 Vegetables 1 443
Sugar beet 4.3 Berries 500
Turnip rape and rape 3.8
2.1.2 Agricultural emissions into waterways
Agricultural emissions into waterways are a typical form of diffuse pollution, causing
the euthrophication of waters. The areas most intensely burdened by agriculture in
Southeast Finland include the small rivercourses running into the sea south of the
Salpausselkä and the downstream portions of the River Kymi, the surroundings of
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western Lesser Saimaa and the watercourse of the Hiitola river. Furthermore, the
role of agricultural loads is significant in the upper part of the Kivijärvi course (State
of the environment in Southeast Finland 2000).
The agricultural emissions into waterways consist of phosphorus and nitrogen
runoffs from crop cultivation, manure management, silage effluent, and milk room
washings. The amounts of nutrients in these sources were mainly estimated with
the help of agricultural experts, results obtained from the Agricultural Census, and
a guide produced by the Ministry of the Environment on environmental protection
in livestock farming.
The nutrient emissions caused by crop cultivation are essentially influenced
by the amount of fertilisers used and the susceptibility to erosion of the field: the
slope of the field, its soil type and its amount of vegetative cover. On the basis of
data on soil types, drainage modes, cultivated plants and the amount of fertilisers
sold (TIKE 2000a, Kymi District Rural Business Committee 1994, Kemira Agro Oy
statistics, Pitkänen 2001), we were able to estimate coefficients by area for phosphorus
and nitrogen emissions (expert estimate, Nikander 2001). In Kymenlaakso, the water
emission coefficients for agriculture obtained were 13 kg/ha for leaching of nitrogen
and 1.5 kg/ha for leaching of phosphorus per year. Using these area-based coefficients,
we obtain an environmental load of 127 t/a of phosphorus and 1 096 t/a of nitrogen as the
emissions to waterways of agriculture in Kymenlaakso (Table 3).
There have been very few studies on the nutrient loads from greenhouse
production in Finland. The main reason for the lack of research is that greenhouse
production has not been considered a significant environmental problem. The land
area required for greenhouse production is small, and its share of the total
agricultural emissions in the country is negligible. On the basis of a study published
in 2002, the annual emissions per hectare of greenhouse production to land or
directly to waters are estimated as 180 kg nitrogen and 50 kg phosphorus (Grönroos
and Nikander 2002). These loading estimates took into account the use of irrigation
water per square metre, the nutrient levels of the irrigation water, the type of
substrate, the amount of irrigation tail waters per square metre, and the collection
and treatment methods for nutrient solution overflow.
In proportion to the greenhouse acreage in Kymenlaakso (28.35 ha), this would
result in emissions of 5.1 tons for nitrogen and 1.4 tons for phosphorus, not all of
which however end up in waters. If we assume that about half of the nutrient
emissions from greenhouse production (Grönroos and Nikander 2002) finally end
up in waters, we obtain a nutrient load caused by greenhouse production in Kymenlaakso
of 2.55 tons of nitrogen and 0.7 tons of phosphorus in the year 2000.
The amount of manure produced by livestock is calculated as the product of
animal-specific coefficients and the number of livestock. The coefficients present
the annual amount of nutrients contained in the manure of one animal (e.g., a
milking cow, nitrogen kg/a). Using the coefficients published by the Ministry of the
Environment we obtain the following amount of nutrients in manure produced by
livestock in 2000 in Kymenlaakso: 370 tons of phosphorus (Ministry of the
Environment 2001, TIKE 2003a), and 2 198 tons of nitrogen (Ministry of the
Environment 1998a, TIKE 2003a), of which about 601 tons evaporate as ammonia
(Grönroos et al. 1998) (Formula 1, Annex 2). About 4 % (64 t) of the nitrogen (less the
share of evaporated ammonia), and 1.5 % of the phosphorus (5.6 t) is estimated to leach into
waters (Nikander 2001). This estimate is based on information on manure storage
status, the number of permits for temporary manure field heaps and the amount of
manure spread in the autumn (Pro Agria Association of Rural Advisory Centres
1998, TIKE 2000b, TIKE 2002).
In 2000, 347 900 tons of silage were produced in the area of Southeast Finland
(TIKE 2001), of which about 50% was first dehydrated (Helminen 2001). An estimate
of the amount of silage produced in Kymenlaakso can be obtained by multiplying
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the amount of silage produced in Southeast Finland with the proportion of cattle
in the area (Formula 2, Annex 2). We thus gain the figure of 167 000 tons of silage
(TIKE 2001; 2003a). At least 0.15 m3 of silage effluent accumulate per ton of silage,
and from dehydrated silage, 0.05 m3 per ton (Ministry of the Environment 1998a),
providing the figure of about 16 700 m3 for Kymenlaakso. Due to faulty silage storage
systems, 20-25 % of the silage liquid runs off into waters (Nikander 2001, Rural
Advisory Centre 1998, Palva et al. 2001). The nutrient load to the waters was defined
using a model constructed for assessing the environmental load from silage effluent
and milk room washings (Grönroos 2003). Using this model, we obtain the figure of
about 1 ton of phosphorus and 2 tons of nitrogen as the nutrient load due to silage effluent in
Kymenlaakso.
There are about 700 dairy farms in the Kymenlaakso region (TIKE 2003a). Milk
rooms produce about 0.4 m3 of waste waters per day (Ministry of the Environment
1998a), and thus the accumulated washings in Kymenlaakso amount to 102 000 m3/
a, of which about 20-25 % are estimated to end up in waters (Rural Advisory Centre
1998, Valio 1998, Helminen 2001, Nikander 2001). Using the above-mentioned model,
we obtain a phosphorus runoff from milk room washings in Kymenlaakso of about 3 tons
and a nitrogen runoff of about 1 ton in 2000. The biological oxygen demand (BOD) due
to waste waters from milk rooms and silage effluent can also be calculated (Grönroos
2003). The results are presented in Table 3.
The total runoff from agriculture in the Kymenlaakso region was also evaluated
by watercourse using the so-called VEPS model (Table 3). The water effluent
assessment and management system VEPS is an IT-based system providing
information on the amount of effluents produced, their distribution among different
sources, and temporal changes in the effluent loads. There are four larger
watercourses in the Kymenlaakso region, as well as a number of smaller sub-
catchment areas.
The agricultural emissions of phosphorus are smaller than above when
calculated using the VEPS model. This is partly due to the fact that the VEPS model
only takes into account the runoff from fields. Furthermore, the cultivated area and
the unit load used for phosphorus are smaller in the model than in the calculations
above.
As the total environmental load of agriculture in Kymenlaakso, we have selected the
sum total of estimates for the emissions from the different sources.
Table 3. Emissions to water from agriculture in Kymenlaakso in 2000.
Emission source Phosphorus (t/a) Nitrogen (t/a) BOD (t/a)
Crop cultivation 127 1 096
Greenhouse cultivation 0.7 2.6
Direct emissions from manure management 5 64
Silage effluent 1 2 38
Milk house washings 3 1 28
Total 136.7 1 165.6 66
Agricultural load to waters (VEPS model) 85 1 022
2.1.3 Emissions to air from agriculture
The sources of air emissions from agriculture include the soil (directly and indirectly),
the application of fertilisers, manure management, livestock digestion and
agricultural machinery. Energy use in agriculture also produces emissions to air.
These emissions are considered in connection with energy in the section on
communities (see section 2.7).
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The amount of ammonia released to the air from fertilisers depends on the
way the fertilisers are applied. Surface application is usually used for grasses, and
so-called local fertilizing for other plants. The amount of volatile nitrogen is
estimated as being 1 % for surface application fertilisers and 0.5% for those applied
locally (Grönroos et al. 1998, IPCC 1995, Pipatti 1997). About 40% of the nitrogen
fertiliser is estimated to be applied on the surface (Nikander 2001, TIKE 2001). In
the fertilising period 1999/2000, 6 154 t of nitrogen were applied to fields in the
form of artificial fertiliser (Kemira Agro Oy). Taking into account the above-
mentioned percentages, we obtain the figure of 43 t of ammonia emissions from field
cultivation in Kymenlaakso (Table 4, soil direct).
The calculation of ammonia released from livestock manure was already
presented in the previous section on emissions to waters. Using the estimate by the
Ministry of the Environment, the livestock manure in 2000 contained 2 198 tons of
nitrogen, which evaporates about 601 tons of ammonia (Ministry of the Environment
1998a, Grönroos et al. 1998).
Agricultural operations release into the atmosphere greenhouse gases: carbon
dioxide (CO2), methane (CH4) and nitrous oxide (N2O). Carbon dioxide is released
directly from the soil, e.g., in connection with lime application and tilling, whereas
methane is produced in the enteric fermentation in domestic livestock, and in the
manure management. Nitrous oxide is released both in manure management, and
directly and indirectly from the soil. Releases directly from the soil refer to emissions
that originate in fertilisers, manure spreading, sludges, swampy fields, biological
nitrogen fixation, and harvest wastes. The indirect emissions from soil refer to
emissions from leaching and atmospheric depositions.
The greenhouse gas emissions caused by agriculture (not including farming
machinery) were calculated using the calculation principles for reporting on the
UN Climate Convention (Petäjä 2003a). The information on activities for the
calculations was obtained from the following sources: publications by the
information services of the Ministry of Agriculture and Forestry (TIKE), Kemira
Agro Oy, the Finnish Liming Association, the Statistical Yearbook of Forestry, and
Agrifood Research Finland. The model calculation was performed by senior
researcher Jouko Petäjä (Finnish Environment Institute). The results for the
greenhouse gas emissions from agriculture in the area of Kymenlaakso are presented
in Table 4.
The emissions to air from agricultural machinery in Kymenlaakso were
estimated on the basis of the respective figures for the whole of Finland by dividing
the emissions on the basis of the number of machinery in the area. The emission
data from farm machinery in Finland in 2000 were obtained from the Tyko 1999
study (VTT 2003a).
In 2000, the farms in Kymenlaakso owned 6 359 tractors (3.7% of the entire
stock of tractors in the country). There were 1 445 combine harvesters in use in the
area, representing 4.2 % of the entire combine harvester stock in the country (TIKE
2003a). Using percentage coefficients, we obtain the farm machinery emissions
presented in Table 4.
The emissions from greenhouse enterprises (from the Vahti data system) are
included in the emissions from agriculture (Table 4). The emissions to air from other
gardening operations are due to, e.g., lawnmowers. The regional evaluation of
emissions from lawnmowers is difficult, because the number and usage rate of
lawnmowers is not known. However, annual emissions from lawnmowers in Finland
as a whole are given in the Tyko calculation programme (VTT 2003a). The emissions
from lawnmowers in Kymenlaakso were estimated using the same method as for
agricultural machinery. Because the regional number of lawnmowers is not known,
the number of single-family and semi-detached houses was taken as the reference
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point. In 2000, about 4.2 % of the single family and semi-detached houses in Finland
were located in Kymenlaakso (Statistics Finland 2003). Using this percentage, we
estimated the emissions from lawnmowers in Kymenlaakso (Table 4).
Table 4. Emissions to air from agriculture in Kymenlaakso in 2000.
Emissions to air (t/a)
Emission source CO2 N2O CH4 SO2 NOx CO NMHC NH3 Partic.
Soil, direct 83 930 329.9 43
Soil, indirect 61
Manure management 51.8 231.4 601
Enteric fermentation in 2 199
domestic livestock
Farm tractors 23 197 9.8 1.2 25 322 117 49 35.6
Combine harvesters 1 978 0.8 0.1 2.1 26.5 10.5 4.4 2.9
Lawnmowers 4 611 0.2 5.1 0.5 13.2 1 060 67
Market gardens 16 760 0.03 0.41 0.36 49.2 0.48
Total 130 476 453.5 2 437.2 28.0 410.9 1 187.5 120.4 644 39.0
2.2 Forestry
2.2.1 The forestry land of the region
The Forest Research Institute (Metla) maintains a nation-wide forest inventory
system, which is used to monitor the development of forest stocks and forest quality
in the whole of Finland. The results of the inventory are based on field data and
satellite images, i.e., multiple source inventorying. The most recent, eighth, national
inventory (VMI8) was conducted in 1986 to 1994. The ongoing ninth inventory
began in 1996. In the latest completed inventory, 74 % of the total area of
Kymenlaakso was forestry land, which was further divided into forest, scrub land
and waste land (Table 5). The total timber volume of the forestry land in Kymenlaakso
was 47.1 million m3, or 123 m3 per hectare (not including waste land).
Table 5. Areas of forestry land in Kymenlaakso by type (Metla 2002a).
Kymenlaakso Area (ha)
Total land area 510 600
Forestry land 379 600
- forest land 360 300
- scrub land 10 400
- waste land 8 700
Commercial felling
In the area of the Forestry Centre Southeast Finland (including both Kymenlaakso
and Southern Karelia), 3.64 million m3 of timber were harvested in the commercial
roundwood removals of private forests in 2000 (Finnish Statistical Yearbook of
Forestry 2001), of which the share of Kymenlaakso was 43 %, i.e., 1.57 million m3
(Metla 2002b). For lack of precise data, the commercial felling in forests owned by
the forest industry and the National Board of Forestry in the Kymenlaakso region
were estimated using the previously mentioned share of felling for private forests
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and applying it to the entire cuttings in the Southeast Finland area (Finnish Statistical
Yearbook of Forestry 2001). In other words, it was assumed that cuttings in other
forest owners’ forests are made in the same proportion as in private forests, both in
Kymenlaakso and in Southern Karelia.
The level of detail in reporting felling areas changed in the Southeast Finland
Forest Centre after the year 2000. The felling areas for Kymenlaakso for the period
after this are easily available (Weckroth 2003). The estimation of the felling area for
2000 was conducted in the following manner: First, the share of Kymenlaakso of
the total situation in Southeast Finland was calculated for the years 2001 and 2002.
The respective areas for Southeast Finland were divided by the average felling shares
for these years (intermediate fellings 34.1% and regeneration fellings 38.2 %). The
amount of felling by owner group, and the felling areas by felling type are presented
in Table 6.
Table 6. Commercial felling by owner group and felling areas by felling type in 2000.
Landowner Felling  (m3) Type of felling Felling area (ha)
Private 1 570 400 Intermediate fellings 8 632
Forest industry companies  140 610 Regeneration fellings 4 144
Finnish Forest and Park Service 5 590
Yhteensä 1 716 600 12 776
Forestation and fertilizing
Forestation begins either by sowing seeds or by planting saplings grown elsewhere.
In 2000, about 2.5 million saplings were planted in Kymenlaakso on an area of 1 500
ha, of which 200 ha were fields. Different types of other regeneration activities were
conducted on an area of 100 hectares (Metsämuuronen 2002).
There are no precise data on the use of forest fertilisers in the region of
Kymenlaakso. According to statistics by Kemira Agro Oy, 10.4 tons of forest fertilisers
were sold in the Kymenlaakso area in the fertilizing period 2000-2001. Most of these
fertilisers were nitrogen fertilisers, and only a very small share consisted of
phosphorus, potassium or magnesium fertilisers. According to the regional Forest
Centre, very little fertilising of forests occurs in Kymenlaakso. In 2000, the application
of fertiliser on only one hectare of land was reported (Metsämuuronen 2002).
According to the Finnish Statistical Yearbook of Forestry 2001, however, forest
fertilisers had been applied to 148 hectares of forest in the entire Southeast Finland
area. The amount of fertiliser used is, however, assumed to be so limited that it
need not be taken into account when estimating nutrient runoffs into waters from
forestry operations.
Environmental impacts of forestry operations
Land use for forestry has its environmental impacts. Some of these impacts are
local and limited, others are cumulative, extensive and long-term. In the past few
decades, Finnish forestry has been characterised by the extensive drainage, large-
scale clear felling and the related soil operation, forest fertilising and the construction
of a widespread system of forest roads. The cumulative impacts of these forestry
operations will continue to be seen in the waters for a long time, even though forestry
practices are changing in a more environmentally sound direction (Ahtiainen and
Huttunen 1995).
The duration of the impacts of different forestry operations depends on the
extent of the area in which they were implemented, the intensity and method of
the operation, local hydrology, the soil type and topography of the area, and the
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development of the forest after the operation. Simultaneous or consecutive
operations in different parts of the same catchment area may amplify or moderate
the impacts of the operation. Usually, the impacts are greatest in the few years
following the operation, and conditions are restored to the pre-operation level only
after many years. In some cases, after only a few years following the operation,
conditions are restored to the level prevailing before the operation, or even to lower
loading levels. In other cases, the loading caused by the operation is clearly visible
even after ten years. It is exactly the prolonged nature of the impacts on waters of
forestry operations that makes it difficult to calculate regional figures for emissions
to waterways (Kenttämies and Saukkonen 1996). Due to the prolonged nature of
the impacts, it is necessary to know the management history of the catchment area
for a period of many decades. This kind of information is, however, difficult to
come by, and many operations that have significant impacts on runoffs are not
included in the statistics (Kenttämies and Vilhunen 1999).
2.2.2 Emissions to waters from forestry
Different kinds of sources and calculation methods can be used to make an estimate
of emissions to waterways from forestry operations. In the following, five different
approaches are presented, which are partly divergent in scope. Thus, all the results
presented are not comparable. All include the emissions from forestry operations,
but some also take into account natural leaching and depositions.
The METVE project
a) Deposition, natural leaching and forestry operations
The Ministry of Agriculture and Forestry set up in 1990 a joint research project
“Impacts of forestry on waters and their abatement” (METVE). Among other things,
the project investigated the impacts on waters of different forestry operations, and
the factors influencing them (Saukkonen and Kenttämies 1995). According to
research conducted in the project, the potential load from Finnish forests to waters,
which includes depositions to forests, natural leaching and additional loads caused by
forestry operations, is estimated as 2 000 tons of phosphorus and 37 000 t of nitrogen
per year (on the basis of 22 catchment areas studied). In Southern Finland, 9.7 kg/
km2/a of total phosphorus and 210 kg/km2/a of total nitrogen are leached from forests
(Saukkonen and Kortelainen 1995). Using these area-based coefficients, we obtain
for the forests in Kymenlaakso (3 603 km2) a potential total phosphorus load of 35 t/a
and a potential total nitrogen load of 757 t/a to waters.
b) Natural leaching and forestry operations
In the geographically representative data reported by Kortelainen and Saukkonen
(1998), the total phosphorus leaching from areas under forestry management was
twice the amount (10 kg/km2/a) of the average leaching from areas in a natural
state. The amount of nitrogen (190 kg/km2/a) leaching from areas under forestry
management was about 1.5 times as large as that from areas in a natural state
(Kortelainen et al. 1999).
The above-mentioned coefficients were used for areas cut during the past five
years in Kymenlaakso. For areas in a natural state, the results from Kortelainen et al.
(1999) are used (phosphorus 5.1 kg/km2/a, nitrogen 130 kg/km2/a). The area in a
natural state is calculated as the remainder of the area of land under forestry
management and the felling area (3 003.69 km2).
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The result of this estimation gives the following figures for the emissions from
forestry operations and natural forests in Kymenlaakso: 22.4 t/a of phosphorus
emissions and 524.1 t/a of nitrogen emissions.
c) Natural leaching and felling for five years
In addition to the natural leaching, the estimation included the forestry operations
of improvement, regeneration and non-forestry felling during the previous five
years. The time period studied was selected on an availability basis. Forest statistics
have been recorded by Forestry Centres only since 1996. The other impacts of forestry
operations (e.g., ditching, soil preparation) were not considered.
Natural leaching has been studied in areas in a natural state for periods of 3-29
years (Ahtiainen and Huttunen 1995; Alasaarela et al. 1995; Saukkonen and
Kortelainen 1995; Kortelainen et al. 1999). The average leaching of phosphorus from
natural-state areas was 5.1 kg/km2/a (Kortelainen et al. 1999). Using this value, we
obtain the natural leaching value of 18.9 t/a of phosphorus for the area of forest land (forest
and scrub land) in Kymenlaakso.
In the region of Southeast Finland, felling was conducted on 151 192 hectares
in the years 1996-2000 (Metla 2002a). The estimated felling for the region of
Kymenlaakso during five years was 70 304 hectares (allocated to the regions in
proportion to areas). For this area, the additional phosphorus leaching caused by
forestry operations can be calculated as 1.48 t/a, using as the coefficient the Finnish
average of 21 g/ha/a (Kenttämies and Alatalo 1999). We thus obtain 20.4 t/a as the total
phosphorus leaching in the Kymenlaakso region.
The average natural leaching of nitrogen from the same old research areas
was 130 kg/km2/a (Kortelainen et al. 1999). In the entire area of Finland, the influence
of forestry operations on nitrogen leaching was 171 g/ha and in the watercourse of
the Gulf of Finland 187 g/ha. (Kenttämies and Alatalo 1999). Using the above
presented calculation method we obtain the total nitrogen leaching value (including
forestry operations and natural leaching) of 494-495 t/a in Kymenlaakso.
Environmental impact assessment of the National Forest Programme
The National Forest Programme 2010 of the Ministry of Agriculture and Forestry takes
into account the economic, ecological, social and cultural sustainability of forest
use. The time-scale of the programme extends to the year 2010. Before the
programme started, a detailed environmental impact assessment was conducted
(Hildén et al. 1999). For this assessment, estimates were made of the leaching of
phosphorus and nitrogen from forestry operations, excluding natural leaching and
depositions (Annex 6.4 of The National Forestry Programme; Kenttämies and Alatalo
1999). The forecasts for the subsequent years were based on the leaching values for
1993. The leaching values are calculated separately for the whole of Finland, and
for specific sub-watercourses.
The forestry and improvement operations considered in the study included
ditching, improvement ditching, regeneration felling involving heavy tillage
(ploughing, mounding), and regeneration felling involving lighter tillage
(harrowing, scarification). The leaching of phosphorus and nitrogen from the
nitrogen fertilization of mineral soils and the phosphorus fertilization of peat soil
were also taken into account. The annual load from a specific operation, e.g., felling,
in the catchment area, was calculated as the sum for that year of the annual loads of
fellings of different ages (1…10 years) in the area (Kenttämies and Vilhunen 1999).
For the entire area of Finland, the phosphorus leaching from forestry in 1993
was 21 g per forestry land hectare, and in the area of the Gulf of Finland, the
corresponding figure was also 21 g per forestry land hectare. Correspondingly, the
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nitrogen leaching from the entire area of Finland was 171 g/ha and for the area of
the Gulf of Finland, 187 g/ha (Kenttämies and Alatalo 1999). The results calculated
for Kymenlaakso are presented in Table 7 and the calculation procedure in Annex 2
(Formula 3).
Table 7. Estimated leaching of phosphorus and nitrogen on the basis of the estimate of the National Forestry Programme in
1993. The leaching estimates for 2000 are calculated estimates a) if water protection measures are successful only in
improvement ditching and b) if water protection is successful also in felling.
Load (t/a) 1993 a)2000* b)2000*
Phosphorus
- in proportion to the entire load in Finland 8 6.6 5.2
- in proportion to the load to the Gulf of Finland 8 6.6 5.2
Nitrogen
- in proportion to the entire load in Finland 65 61.4 54.2
- in proportion to the load to the Gulf of Finland 71 66.8 59.5
*Annex 2, Formula 3.
The watercourse-specific emission value for the phosphorus load from forestry
operations in the River Kymi watercourse was estimated using the same principles
as in the National Forestry Programme. Figures calculated in different studies for
the annual additional emissions for different forestry operations were used as the
basis for calculating specific load factors (Kenttämies and Vilhunen 1999).
According to the study, 18.6 g/ha/a of phosphorus were leached in the River
Kymi area. If smaller watercourses in the region are excluded from consideration, a
total of 7.1 t/a of phosphorus were leached from forestry land in Kymenlaakso. In the study,
forestry land consists of forest, scrub and waste land.
The VEPS model
There are four larger watercourses in Kymenlaakso, and a number of sub-catchment
areas. The loading estimate by watercourse was conducted using the VEPS model
(see Section 2.1.2 Emissions to water from agriculture), which takes into account
the additional load due to forestry operations. For forestry, the VEPS model produces
the result of 4.3 t/a of phosphorus and 66.7 t/a of nitrogen.
Summary of the environmental load to waters from forestry operations
There are many different ways to evaluate the environmental load to waters from
forestry operations. Table 8 provides a summary of the estimates calculated in
different ways for the emissions to waters of forestry operations in Kymenlaakso.
The estimates are grouped according to the types of loading factors they take into
account.
Only emissions caused by human activities are included in the load from
forestry operations in Kymenlaakso. The studies dealing with emissions from
forestry operations provided emission values in the same order of magnitude. The
results obtained using the VEPS model were selected as descriptors of the load from forestry
operations in Kymenlaakso.
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Table 8. Emissions to waters from forests and forestry operations in Kymenlaakso as calculated using coefficients from
different studies.
Coverage Coefficients Phosphorus (t/a) Nitrogen (t/a)
Forestry, natural leaching, depositions METVE 1995 35 757
Felling (5 years), natural leaching Kenttämies and Alatalo 1999
- load values for the Gulf of Finland 20.4 495
Kortelainen and Saukkonen 1998 22.4 524
Forestry National Forestry Programme 2010,
Kenttämies and Alatalo 1999
- a) load values for the the Gulf of Finland 6.6 66.8
- b) load values for the Gulf of Finland 5.2 59.5
Kenttämies and Vilhunen 1999 7
VEPS model 2002 4.3 66.7
a) water protection measures successful only in improvement ditching
b) water protection measures successful also in felling
2.2.3 Emissions from forest machinery
In the year 2000, 97 % of the regeneration fellings and 89 % of the intermediate
fellings conducted by the forest industry or the Finnish Forest and Park Service
were done mechanically. In the delivery cutting in private forests, 68 % of the felling
was done by chainsaw (Peltola 2001). The share of delivery cutting in private forests,
however, was only 16 %, thus the share of chainsaw felling in private forests only
made up 10 % of the total amount of felling.
The emissions of forest machinery (felling, forest transports) in the area of
Kymenlaakso were estimated by relating the amount of felling in the area in 2000 to
data reported for the entire country, and by using the emission values for forest
machinery from the Tyko 1999 study for forest machinery in Finland as a whole
(VTT 2003a). In Finland as a whole, there were 5 000 chainsaws in professional use,
2 102 harvesters and 2 462 forwarders (VTT 2003a).
According to Metla (2002a), the commercial felling in Kymenlaakso made up
about 3.1 % of the commercial felling in Finland. Assuming that an equal proportion
of forest machinery, 3.1 %, would cause an equal proportion of the emissions, 3.1
%, in Kymenlaakso of all the forest machinery in Finland, we obtain for the emissions
from forest machinery in Kymenlaakso the values presented in Table 9.
Table 9. Estimate of the emissions from forest machinery in Kymenlaakso, 2000, based on results from Tyko 1999.
Emissions to air (t/a)
Machinery CO2 N2O CH4 SO2 NOx CO NMHC Partic.
Chainsaws 467 0.9 0.9 0 0.2 163 56 1.6
Harvesters 5 191 2.3 0.2 5.6 69 24 8.2 5.4
Forwarders 3 649 1.6 0.2 4 48 17 6.2 4.0
Total 9 307 3.9 1.4 9.6 117 204 70.4 11
2.3 Fish farming
The nutrient load of fish farming originates from the fodder given to the fish, which
contains the phosphorus and nitrogen necessary for their growth. These nutrients
enter the water through uneaten fodder and fish faeces. Effluent loadings may also
result from guttings and rinsing water. The nutrients originating in fish farming
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operations may be bounded to particles or in soluble form. Improvements in the
composition and structure of fodder have decreased the environmental load from
fish farming (Fish Farming Association 2003).
There were 16 commercial fish farms in Kymenlaakso in 2000 (Vahti data
system). Except for one, they were located in the coastal municipalities of Pyhtää
and Virolahti. In 2000, the incremental growth of fish at these installations was 456
tons, and they used 589 tons of fodder. According to statistics by the Finnish Game
and Fisheries Research Institute, the production of edible fish in the area was 541
tons (Time-series on fish farming 2001), which amounts to 3.5 % of the fish farming
output in the whole of Finland in 2000.
In 2000, the emissions of phosphorus to waters were 3.3 tons and the emissions of
nitrogen, 27.1 tons, from fish farming in the region of Kymenlaakso.
2.4 Peat production
In 2000, there were 16 peat production sites in Kymenlaakso, with a total area of 1
460 hectares (Vahti). Of the area designated for peat production, the actual area in
productive use was 78 %. About one-fifth of the total area was not in productive
use in 2000. During the year, 1 % of the area was taken out of production, and close
on 4 % were under preparation. Among the peat production companies in the
region, Vapo Oy held 62% of the total area in peat production in Kymenlaakso,
while the rest were owned by private companies. The amount of peat produced in
the areas owned by Vapo was 249 000 m3 in 2000 (Torpström 2002).
2.4.1 Emissions to water from peat production
The contribution of peat production to the total emissions to waters in Kymenlaakso
is small, owing to the small production area. Locally, peat production may still be a
significant individual source of emissions to water. The water emissions from peat
production areas consist of organic matter, nitrogen and phosphorus nutrients, and
soluble metals. The organic matter is mainly dissolved humus and suspended solids.
In watercourses, they lead to silting and consume oxygen as they degrade. The
nutrients, on the other hand, cause euthrophication of the watercourses. Peat
production may also influence ground water quality and replenishment in bogs
that have formed in areas kept wet by water dissolving from ground water basins
(State of the Environment in Southeast Finland 2000).
In peat production, water emissions are generated in all stages of the
production. The living vegetation of natural and even partly drained bogs retains
and stabilizes the flows created by rain and melting waters and prevents the leaching
of organic matter and nutrients into watercourses. Leaching is especially intensive
in well-decomposed peat. The effluent load of Carex peat bogs is greater than that
of Sphagnum peat bogs in the preparation stage. The emission levels at the
production stage are also significantly influenced by the nutrient levels in the peat,
and the drainage methods and treatment of drainage waters. (Hilli 2001)
Calculating the effluent load from peat production without any precise
measurements only provides a rough estimate. The uncertainties in the assessment
are compounded by changing weather conditions. The emission load depends on
the precipitation in the area. In rainy periods, the runoff increases, influencing the
leaching of all emission components. During dry periods, the effluent load may be
small, due precisely to the lesser leaching (Hilli 2001).
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The emissions to waters of peat production in Kymenlaakso were estimated
using three different calculation procedures. The estimates are based on 1) emission
values for Eastern Finland (Leijting 1999), 2) specific emission coefficients for
different water treatment methods used by Vapo Oy and 3) specific emission
coefficients per area used by Vapo Oy.
1. Emission loads of peat production on the basis of the emission values for Eastern
Finland
The impacts on waters of peat production have been analysed in the Finnish
Environment Institute (SYKE) (Leijting 1999). On the basis of the study, estimates
have been obtained of load quantities in different geographical areas in Finland
(Nothern, Eastern and Western Finland). In the present inventory, the emission
values for Eastern Finland identified in the above-mentioned study were used as a
basis for calculating effluent loads for peat production in Kymenlaakso. The total
estimate is based on area-specific coefficients for the different treatment stages, i.e.,
areas in production, under preparation and not in production (Annex 2, Formula
4). The gross and net loading values (gross loading – natural leaching = net loading)
for emission loads from peat production in Kymenlaakso, based on the emission
values for Eastern Finland, are presented in Table 10.
2. Emission loads based on specific emission coefficients for different water treatment
methods by Vapo Oy
The water treatment methods used in peat production areas influence the emission
load on waters. An economical method in terms of investments and operating costs
is the use of sedimentation ponds, which is not, however, the most efficient method
for reducing load levels. The more expensive methods, such a the chemical
treatment, are used less frequently, even though such methods produce better
purification rates.
In all the private peat production areas in use in Kymenlaakso in 2000 (556 ha),
the treatment method employed was sedimentation ponds (Puhalainen 2003). In
the peat production areas operated by Vapo Oy (907 ha), the water treatment
methods used included pipe barriers, subsurface drainage and sedimentation ponds
for a total of 663 hectares, and overland flow for a total of 244 hectares (Torpström
2002).
Using the above-mentioned water treatment acreages and the specific load
coefficients published by Vapo Oy for water treatment methods (Selin et al. 1996),
we obtain an estimate of the loads on water course from peat production in
Kymenlaakso (Annex 2, Formula 5). In the estimate, the time assumed for the active
peat production and ablation season is a total of 200 days per year. The estimate
does not take into account loads occurring in winter, which are very small compared
with load levels in the production season.
3. Emission loads based on emission coefficients for specific loads per area by Vapo
Oy
Vapo Oy has estimated specific load factors (kg/ha/a) for its own peat production
areas (Vapo 2003). Using these factors, we defined the gross and net loads for
phosphorus, nitrogen and suspended solids for the peat production in Kymenlaakso.
The specific load factors were also use to calculate the loads from privately-owned
peat production areas in a similar way (Table 10).
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Table 10. Loads on watercourses caused by peat production in Kymenlaakso in 2000 derived using different calculation
procedures.
1. SYKE 2. VAPO 3. VAPO
(Leijting 1999) (water treatment methods) (specific emission coefficients per area)
Emission (t/a) gross net net gross net
Phosphorus 0.4 0.2 0.3 0.53 0.37
Nitrogen 10 7.5 9.6 14 9.8
NH
4
-N 4.4 4.3
CODMn 134 87
Susp. solids 102 99 82 89.4 70.7
Organic matter 148
All calculation methods produced similar results for the load to watercourses of
peat production in Kymenlaakso. The result based on different water treatment methods
was judged as describing the current situation best, and it was selected to be included in the
total results for the region.
2.4.2 Emissions to air from peat production
In peat production, emissions to air are generated by the machinery used in
harvesting the peat. In Kymenlaakso in 2000, in the areas owned by Vapo Oy, the
machinery used were excavators and wheeled tractors. There were 24 wheeled
tractors in use and they were operated for a total period of 17 010 hours. There
were two excavators, and they were used for at total of 1 800 hours per year
(Torpström 2002).
No information was available on machinery usage in the private peat
production areas, so it was estimated that similar machinery are used in the same
proportion as in the areas owned by Vapo Oy. The emissions from peat production
machinery (Table 11) were estimated using the specific emission factors for
machinery from the Tyko 1999 calculation program. The resulting emission value is
the product of the emission factor, the nominal power of the machinery and the
number of hours in operation. In the calculations, emission factors for crawler-based
excavators were used for the excavators, and for the wheeled tractors, the emission
factors for farm tractors.
Table 11. Estimates of emission from peat production machinery in Kymenlaakso in 2000.
Emissions to air (t/a)
Machinery CO
2
N
2
O CH
4
SO
2
NO
x
CO HC Partic.
Excavators 244 0.1 0.01 0.3 3.3 1.1 0.4 0.3
Tractors 1 469 0.6 0.08 1.6 20.4 7.4 3.1 2.2
Total 1 713 0.7 0.09 1.9 23.7 8.5 3.5 2.5
2.5 Extraction of land resources
In Kymenlaakso there were 282 permits for the extraction of land resources in 2000
(3.2 % of all permits issued in Finland), of which 213 were for extraction of gravel
and sand and 69 for rock excavation (Rintala 2002). Most of the gravel extracted in
the Kymenlaakso region was in Vehkalahti and Valkeala. The largest excavation
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sites for building stone and bulk rock in the region were in Virolahti and Ylämaa.
The number of permits for land resource extraction issued and quantities excavated
in Kymenlaakso are presented in Table 12.
Table 12. Gravel, sand and rock excavation in Kymenlaakso in 2000.
Land resource Number of permits In operation in 2000 Extraction volume Extracted volume
allowed in permits (s.m3 )
(million s.m3 )
Gravel and sand 213 112 25.9 717 648
Rock 69 32 20.8 553 439
The land extraction quantities in Southeast Finland, in comparison with the regions
of the other Environment Centres, were close to the national average. The extraction
of other land resources, such as moraine, silt soil, clay, mull and mud were not
considered in this context due to their insignificant quantities. Even on the level of
Finland as a whole, the extraction of these land resource types was only 4 % of all
extracted land resources (Rintala 2002). The Environment Centres of Southeast
Finland, West Finland and North Ostrobothnia had the most clay excavation sites
in Finland.
The main environmental loads from the extraction of land resources are due
to the use of machinery and to dust from rock quarries. For lack of more detailed
information, the emissions to air from land resource extraction were calculated using
the specific emission coefficients for gravel and crushed rock extraction (Vares 2003).
For sand, the data for gravel extraction were used, and for rock excavation, the data
for crushed rock excavation. The rock excavation consisted mainly (75 %) of crushed
rock excavation (the rest being blasted stone, building stones and stocked waste
rock), and thus the figures can be considered as being good estimates (Table 13).
Table 13. Emissions to air from the extraction of land resources in Kymenlaakso in 2000.
Emissions to air (t/a)
Land resource CO
2
CH
4
SO
2
NO
x
CO VOC Metals Dust
Gravel and sand 3 550 2.7 2.4 49.9 21.2 9.5 0.000041 4.7
Rock 5 701 5.0 4.1 32.4 15.5 0.000062 8.7
Total 9 251 7.7 6.5 49.9 53.6 25.0 0.000103 13.4
2.6 Industry
The core of the business economy in Kymenlaakso is a strong processing industry
and the sub-contracting and service businesses that have evolved around it,
including especially logistics services. Kymenlaakso is the largest exporter among
the regions in Finland, and the pulp and paper industry dominates the industrial
structure. The production facilities of the pulp and paper industry are located on
the banks of the River Kymi, except for the Stora Enso Summa paper mill located in
Vehkalahti and the Stora Enso mill located in Kotka. The largest industrial
concentrations in Kymenlaakso are at both ends of the River Kymi, in Kotka and
Kuusankoski. Kotka hosts a number of other industries alongside the wood
processing industry. For example, there are a number of medium-sized industrial
facilities of the chemical industry (Hamina, Kaipainen). Small industries are located,
e.g., in Kuusankoski, Kouvola and Kotka. The industrial structure is dominated by
large industries on the one hand, and small ones, on the other.
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The growth of energy consumption both in industry and in communities is
directly reflected in the environmental loads. Thus, the development of energy
consumption from 1995 to 2000 is investigated in slightly more detail here. The
emissions from energy production, however, are only estimated for the year 2000.
2.6.1 Energy production by industry
The most significant fuel used by industry in Kymenlaakso is natural gas. Its use
amounted to about 80 %, in calorific value, of the fossil fuel consumption of industrial
operations, as defined according to the boundaries of the present study (Table 14).
Table 14. Fossil fuels used by industry in Kymenlaakso in 2000 (Statistics Finland 2002a).
Industrial category Fossil fuels (TJ/a)
1134 1141+1142 1212 1230 1310 2110 2120 Total Share (%)
Market gardening 6.8 0 0 0 291.4 0 0 298.2 1.2
Manufacture of food products 43.3 0 0 0 197.8 0 0 241.1 1.0
Manufacture of textiles 0 0 0 0 19.9 0 0 19.9 0.1
Manufacture of wood and wood prod. 1.9 85.1 0 0 81.5 0 0 168.5 0.7
Manufacture of pulp. paper. etc. 37.3 346.3 2 518.1 0 16 993.3 984.5 112.6 20 992.2 86.6
Publishing and printing 0.2 0 0 0 0 0 0 0.2 0.0
Manuf. of chemicals 19.5 26.0 0 0 431.0 0 0 476.5 2.0
Manuf. of non-metallic mineral prod. 10.3 61.8 221.3 0 1 314.5 0 0 1 607.9 6.6
Manuf. of metal products 14.9 0 0 0 59.0 0 0 73.9 0.3
Manuf. of furniture 0.1 0 0 0 0 0 0 0.1 0.0
Recycling 1.1 0 0 0 0 0 0 1.1 0.0
Purification and distribution of water 2.2 0 0 0 1.7 0 0 3.9 0.0
Asphalt and concrete stations 31.2 0 0 0 0 0 0 31.2 0.1
Distribution of natural gas 0 0 0 0 191.0 0 0 191.0 0.8
Cargo handling and storage 7.9 0.2 0 0 112.2 0 0 120.3 0.5
R&D in energy technology 0.2 2.1 2.7 10 0.4 0 0 15.4 0.1
Industry total 176.9 521.5 2 742.1 10 19 693.7 984.5 112.6 24 241.4 100.0
Share of fossil fuel use (%) 0.73 2.15 11.31 0.04 81.24 4.06 0.46 100.0
Fuel classification: 1134 light fuel oil, 1141 + 1142 heavy fuel oil, 1212 hard coal, bituminous, 1230 coke, 1310 natural gas,
2110 milled peat, 2120 sod peat
In addition to fossil fuels, the industry in Kymenlaakso uses fairly large amounts of
biofuels in its own energy production. In 2000, the chemical wood processing
industry used more than 99.5 %, in calorific value, of all biofuels used by industry
(Table 15). The total fuel use of the pulp and paper industry (45 784 TJ) was divided
into 43 % fossil fuels and 57 % biofuels (Vahti, Lång 2002). The fuel used by energy-
producing boilers in industrial facilities (26 366 TJ) consisted of 65 % of fossil fuels
and 35 % of biofuels (Vahti data system). The fuel distribution of the pulp and paper
industry in Kymenlaakso, however, is quite different from the national one, mainly
due to the use of natural gas and coal.
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Table 15. Biofuels used by industry in Kymenlaakso in 2000.
Biofuels (TJ/a)
Industrial category 3111-3129 3130 3140 4910 Total Share (%)
Manuf. of wood and wood products. 62.5 62.5 0.2
Manuf. of pulp. paper. etc. 8 177.1 17 993.1 1 480 27 650.2 99.5
Manuf. of non-metallic mineral products 77.21 77.21 0.3
R&D in energy technology 4.4 4.4 0.0
Total industry 8 316.81 17 993.1 1 480 4.4 27 794.32 100.0
Share of biofuel use (%) 29.92 64.74 5.32 0.02 100.0
Fuel classification: 3111-3129 wood fuels, 3130 black liquor and other concentrated liquours, 3140 other industrial wood
residues and by-products, 4910 other by-products and residues used as fuels
The total electricity production in Kymenlaakso was 4 679 GWh in 1995 and 3 767
GWh in 2000 (Electricity and district heat 2000). Most of this was produced by
industry for its own use (Table 16). The chemical wood processing industry in
Kymenlaakso is both a significant energy producer and consumer. The hydropower
produced by industry is divided between industry and communities according to
the main owner of the power plant.
Table 16. Electricity produced by industry in Kymenlaakso in 1995 and 2000 (Electricity and district heat 2000)
1995 2000
Production mode Production (GWh) Share (%) Production (GWh) Share (%)
Combined heat and power generation, Industry 1 859 66.6 1 959 68.8
Hydropower 933 33.4 890 31.2
Total 2 792 100 2 849 100
The total electricity production in Finland in 2000 was 67.3 TWh. Of this total amount,
36 % was produced in combined heat and power plants (Electricity and district
heat 2000). The total electricity produced in Kymenlaakso, in turn, was 3.8 TWh in
2000, i.e., 5.6 % of the total electricity production in Finland. The share of combined
heat and power generation was 55.8 %, which is considerably higher than the
Finnish average due to the larger share of combined pruduction in the chemical
wood processing industry.
The imports of electricity to Kymenlaakso have grown a great deal in the late
1990s, which is reflected in a sharp decrease in the self-sufficiency in electricity
production. The electricity consumption in industry displays a clear growing trend,
whereas the region’s own electricity production has clearly dropped since the mid-
1990s. The decrease in electricity production is due to the low price of electricity in
the electricity market; electricity prices in the late 1990s made it unprofitable to
increase the production in the region. In the Kymenlaako region, this is most clearly
visible in the electricity production of the power plants of Mussalon Voima Oy,
which was 1.5 TWh in 1995, and only 0.5 TWh in 2000. The production cuts have
been made in the condensing power plants using natural gas as a fuel.
In the period studied, the industry in Kymenlaakso produced steam both in
separate and in combined production plants (Table 17). This production figure
includes all the most important factories (7 factories) operating in the area in 1995
and 2000.
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Table 17. Heat production by industry in Kymenlaakso in 1995 and 2000 (Timonen 2003a).
19951) 2000
Production mode Production (GWh/a) Production (GWh/a)
Combined production 8 153
- Industrial steam 7 473
Other 1 109
- Industrial steam 243
Heat production, total  9 262 7 716
1) There are no statistics on the share of industrial steam.
2.6.2 Energy consumption by industry
In Finland, the electricity consumption of industry in 2000 was 43 632 GWh
(Electricity and district heat 2000), which is about 57 % of the total electricity
consumption in Finland. The industry in Kymenlaakso consumed about 6 147 GWh
of electrical energy in 2000, which was about 83.2 % of the total electricity
consumption in the region, and 14 % of the total reported electricity consumption
of industry in Finland. The large share of the electricity consumption is due to the
electricity demand by energy-intensive industries in the region. Table 18 presents
the energy consumption data for the region by industry in 1995 and 2000 (StatFin
2003a).
Table 18. Consumption of electrical energy by industry in Kymenlaakso in 1995 and 2000, and the relative change (1995-
2000) (StatFin 2003a, Timonen 2003b).
Electricity Electricity
consumption consumption Difference
in 1995 Share in 2000 Share 1995-2000
NACE Industrial category MWh % MWh % %
15-16 Manuf. of food products 59 331 1.00 61 257 1.03 3.25
17-19 Manuf. of textiles 3 665 0.06 2 399 0.04 -34.54
20 Manuf. of wood and wood products 33 302 0.56 35 389 0.59 6.27
21 Manuf. of pulp, paper, etc. 5 442 304 91.36 5 431 707 90.95 -0.19
22 Publishing, printing, etc. 9 151 0.15 12 701 0.21 38.79
23-25 Manuf. of chemicals 182 294 3.06 215 592 3.61 18.27
26 Manuf. of non-metallic mineral products 77 840 1.31 102 708 1.72 31.95
27-35 Manuf. of metal products 49 984 0.84 45 115 0.76 -9.74
36 Manuf. of furniture, other manufact. 786 0.01 876 0.01 11.45
40 Electricity, gas and water supply 92 793 1.56 54 930 0.92 -40.80
41 Purification and distribution of water 5 564 0.09 9 326 0.16 67.61
Total 5 957 014 100.00 5 972 000 100.00 0.25
Electricity consumption 5 768 877 6 147 000
(Electricity and district heat 2000)
By far the most significant electricity-consuming industry was the chemical wood
processing industry, with a share of more than 90 per cent. The second-largest
consumer of electricity was the chemical industry, with a share of more than three
per cent.
The estimation of the heat consumed by industry in Kymenlaakso is based on
data obtained from Statistics Finland (StatFin 2003b). Statistics Finland compiles
the data on heat energy consumption in industry partly using a sample-based
questionnaire survey, and partly using the business tax register of the Tax
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Administration, and the company and site register of Statistics Finland. The following
figures for heat consumption by industrial categories mainly describe of the order
of magnitude of the consumption of different industries, and do not aim to represent
their actual heat consumption figures. Table 19 presents the recorded heat
consumption figures for 1995 and 2000 pertaining to Kymenlaakso (StatFin 2003a).
Table 19. Heat consumption by industry in Kymenlaakso in 1995 and 2000 (StatFin online service)
Heat Heat
consumption consumption Difference
 in 1995 Share in 2000 Share 1995-2000
NACE Industrial category TJ % TJ % %
15-16 Manuf. of food products 92.9 0.3 49.2 0.2 -47.0
17-19 Manuf. of textiles . . . . .
20 Manuf. of wood and wood products 198.0 0.7 130.9 0.6 -33.9
21 Manuf. of pulp, paper, etc. 27 630.3 95.5 19 635.1 93.9 -28.9
22 Publishing, printing, etc. 3.7 0.0 8.5 0.0 132.6
23-25 Manuf. of chemicals 796.2 2.8 901.1 4.3 13.2
26 Manuf. of non-metallic mineral products 46.3 0.2 15.2 0.1 -67.3
27-35 Manuf. of metal products 139.0 0.5 69.1 0.3 -50.3
36 Manuf. of furniture, other manufact. . . 2.1 0.0 .
37 Recycling x . x . .
40 Electricity, gas and water supply 28.1 0.1 105.0 0.5 273.8
41 Purification and distribution of water . . . . .
Total 28 934.5 100.0 20 916.2 100.0 -27.7
The production of industrial steam in 2000 was 30 756.6 TJ (Timonen 2003a, Timonen
2003b). Steam used by industry is usually produced on site, and thus there are no
measurement or transmission losses as in the case of district heat. The total heat
consumption of industry is thus estimated as being about 30 000 TJ. Of the industrial
steam produced in Kymenlaakso in 2000, more than 90 % was consumed in pulp
and paper industry processes.
2.6.3 Emissions to air from industry
The air emissions from industry are mainly related to fossil fuel use. The recorded
fuel use in the Vahti data system and the figures on fuel use published by Statistics
Finland are incongruent. The Vahti data system lacks information on the fuel use
by small-scale industries. The increase in emissions required by this difference was
estimated by calculation, thus obtaining an estimate for the airborne emissions of
all industrial operations (Table 20). The most significant emissions arise in the
production of pulp, paper and board along the River Kymi.
The unaccounted consumption was calculated by subtracting the fuel use
figures recorded in the Vahti data system from the total fuel consumption figures
in the region published by Statistics Finland. The emissions for the unaccounted
share were calculated using emission factors obtained from the literature. These
emission factors used included the instructions for the Permit Form 6012a for Boiler
Installations (Instructions for Boiler Installations 2003), guidelines by GHG Protocol
(2003) and EMEP/CORINAIR (2003) on determining methane and nitrous oxide,
coefficients for sulphur dioxide and nitrogen oxides (Ministry of the Environment
1998b) and estimates by the VTT on fine particulates (Ohlström 1998). The metal
emissions were calculated according to the same principles (Table 21).
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Table 20. Emissions to air from industry in Kymenlaakso in 2000.
Emissions to air (t/a)
Industrial category (NACE 15-37) CO2, (foss.) CH4 N2O NOx SO2 TSP CO NMVOC
Manuf. of food products 14 213 0.28 0.04 21.36 18.19 3.11 3.91 1.04
Manuf. of textiles 1 109 0.03 1.59 0.32 0.06
Manuf. of wood and wood products 11 174 0.88 0.29 19.03 165.71 19.05 21.45 4.3
Manuf. of pulp, paper, etc. 1 319 781 182.6 79.1 4 208.2 1 652.5 658.02 2 267.34 665.68
Publishing and printing 14 0.02 0.09 0.01 0.003 0.003
Manuf. of chemicals 72 087 0.61 0.06 126.02 3.47 18.87 7.62 1.98
Manuf. of non-metallic mineral producs 84 436 2.94 0.82 429.66 198.3 131.0 66.86 19.49
Manuf. of metal products 4 685 0.09 0.01 3.57 0.36 5.6 1.18 0.4
Manuf. of furniture 9 0.01 0.01 0.01 0.07 0.013
Recycling 84 0.11 0.05 0.08 0.02 0.017
Sub-total industry 1 507 592 187.43 80.32 4 809.57 2 038.68 835.75 2 368.77 692.98
Others
Purification and distribution of water 255 0.34 0.1 0.16 0.06 0.038
Asphalt and concrete stations 2 290 0.01 2.92 1.46 2.22
Delivery of natural gas 10 724 80.3 0.02 14.2 0.003 0.001
Cargo handling and storage 6 398 0.16 0.01 18 0.1 0.1
R&D in energy technology 1 747 0.26 3.3 0.5 0.1
Sub-total others 21 414 80.46 0.3 38.76 2.16 2.58 0.063 0.039
Table 21. Metal emissions from industrial operations in Kymenlaakso in 2000.
Metal emissions to air (kg/a)
Industrial category As Cd Cr Cu Hg Ni Pb V Zn
Manuf. of wood and wood products 0.09 0.05 0.17 0.40 0.03 12.89 1.79 38.85 1.45
Manuf. of pulp, paper, etc. 18.7 40.5 31.8 47.2 28.8 80.9 173.0 248.0 134.5
Manuf. of chemicals 0.03 0.01 0.01 0.03 0.00 3.90 0.26 11.70 0.16
Manuf. of non-metallic minerals 0.22 0.07 1.29 0.85 0.79 10.31 2.64 30.03 2.19
Cargo handling and storage 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00
R&D in energy technology 0.00 0.00 0.01 0.01 0.01 0.33 0.03 0.96 0.02
Industry total 19.04 40.63 33.28 48.49 29.63 108.33 177.72 329.63 138.32
The Vahti data system also includes information reported by operators on dispersed
and process emissions (Table 22). The most important dispersed emissions originate
in treatment and storage areas for chemicals and fuels located in the ports of Kotka
and Hamina, and in other chemical industries.
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Table 22. Dispersed and process emissions to air from industry in Kymenlaakso in 2000 (Vahti).
Emissions (t/a) by industrial categories
Manuf. of
Manuf. of machinery
Cargo handling Manuf. of Manuf. of pulp, non-metallic and
Emission and storage chemicals paper, etc. minerals equipment Total
Acetone 0.52 4.8 5.32
Benzene 0.53 0.53
Butane 0.2 0.2
Butadienes 0.34 0.34
Ether 2.42 0.1 2.52
Ethylasetate 0.44 0.44
Phenol 2.26 2.26
Hydofluoric acid 4.8 4.8
Formaldehyde 6.5 6.5
Xylene 13.93 13.93
Chlorine and inorganic substances 28.2 28.2
Methanol 12.2 12.2
Methylene chloride 1.63 1.63
Other alcohols 74.76 15.03 89.79
Other aliphatic hydrocarbons 75.31 0.01 75.32
Other aromatic hydrocarbons 25.16 25.16
Other CFC-compounds 0.05 0.05
Other ethers 7.15 7.15
Other esthers 25.31 4 29.31
Other glycols 0.06 0.06
Other halogenated hydrocarbons 2.72 2.72
Other ketones, aldehydes 2.46 11.95 14.41
Other organic acids 0.99 0.01 1
Other organic nitrogen compounds 0.01 0.09 0.03 0.13
Other VOC compounds 170 38.9 9.7 218.6
Perchloroethylene 0.37 0.37
Propane 0.1 0.1
Hydrochloric acid 1.02 1.02
Styrene 1.07 1.8 2.87
Toluene 0.22 0.22
Trichloroethylene 0.27 0.27
All dispersed emissions are not, however, reported to the Vahti data system or
comprehensively recorded, and thus it is not possible to estimate their order of
magnitude on the basis of the available statistical data. Permit holders have reported
their dispersed emissions in the permit applications, but there is little systematic
annual reporting of these emissions.
2.6.4 Waste water from industry
Almost all of the industrial waste water emissions arise in the production of pulp,
paper and board, and a significant share of them is produced by integrated pulp
and paper mills (Table 23). Since 1996, the waste waters of the mill using recycled
pulp have been conducted to the purification plant of the non-integrated pulp mill,
and thus the data for the recycled pulp mill are not presented separately in the data
for 2000. The investments made by the chemical wood processing industry into
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improving the efficiency of waste water purification in the late 1990s are visible in
a considerable decrease in the waste water load to watercourses for all emission
types, even though the annual production of integrated mills has increased from
0.5 to 0.6 million tons (paper and board), and the production of paper and board
mills, respectively, from 1.8 to more than 2 million tons (Finnish Forest Industries
Federation 1996, Finnish Forest Industries Federation 2001, Southeast Finland
Regional Environment Centre 1999).
Table 23. Waste water emissions and total flow from pulp, paper and board production in Kymenlaakso in 1995 and 2000, and
reductions in emissions 1995-2000 (Vahti).
Emissions to water (t/a)
1995 BOD7 CODCr AOX TSS Tot-P Tot-N Total flow (km
3/a)
Paper and board mills 1 843.2 9 893.9 2 795.2 26.19 201.9 38 748.4
Non-integrated pulp mill 2 054.8 12 199.3 224.9 1 397.0 18.1 126.0 43 505.8
Integrated pulp and paper mills 2 446.3 19 963.3 109.1 2 345.8 32.7 296.0 65 201.9
Mill producing recycled pulp 82.6 171.7 38.6 0.1 1.0 152.0
Tissue paper mill 4.1 24.3 7.9 0.01 0.1 98.6
Total 6 431.0 42 252.5 334.0 6 584.5 77.1 625.0 147 706.7
2000 BOD
7
COD
Cr
AOX TSS Tot-P Tot-N Total flow (km3/a)
Paper and board mills 407.6 5 147.1 1 140.4 14.6 172.9 38 585.7
Non-integrated pulp mills 185.3 6 790.2 59.4 417.4 7.4 43.3 36 652.8
Integrated pulp and paper mills 1 704.9 15 162.2 105.2 1 199.9 17.6 165.2 57 309.8
Tissue paper mill 1.7 9.1
Total 2 297.8 27 101.2 164.6 2 757.7 39.6 381.4 132 557.4
Emission reduction 1995 - 2000 (%) 64.3 35.9 50.7 58.1 48.6 39.0 10.3
2.6.5 Industrial waste
There were nine industrial waste landfills in Kymenlaakso in 2000 (Asikainen and
Vesivalo 2003). Almost 110 000 tons of industrial waste were disposed of in them
(Table 24).
Table 24. Wastes and sludges disposed of in industrial waste landfills in Kymenlaakso in 2000 (Vahti).
Waste category  (t)
Ordinary municipal waste 1 908
Different kinds of industrial and process waste 2 195
Process and waste water sludges 40 825
Wood and wood-based waste 19 067
Ash and slag waste 33 405
Construction and demolition waste 7 349
Green liquor sludge and lime sludge 5 187
Total 109 935
The methane emissions from waste disposed of in landfills can be estimated using
the calculation procedures provided in the IPCC (Intergovernmental Panel of
Climate Change) guidelines (IPCC 2000). The methane emissions were calculated
using the mass balance method (Tier 1) (Table 25).
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Table 25. Atmospheric methane emissions from wastes disposed of in industrial landfills in Kymenlaakso in 2000 (Petäjä 2003b).
CH
4
 (t/a)
Industrial sludges 2 467
Industrial solid waste 2 562
Total 5 029
2.7 Communities
2.7.1 Energy production and consumption by communities
The electricity production in Kymenlaakso itself has decreased significantly in the
period 1995-2000. The self-sufficiency rate has decreased from 68 per cent to 51 per
cent (Table 26). This is a remarkable change, considering that the self-sufficiency
rate was 97 % in 1970, and 77 % in 1980 (Kymenlaakso Regional Planning Authority
1983a,b). A major influence on the changes in the energy production profile of the
region has been the decrease in electricity production of the Mussalo power plants
from about 1 500 GWh to less than 500 GWh.
Table 26. Electricity production and purchases in Kymenlaakso in 1995 and 2000 (Electricity Statistics 1996, Electricity and
district heat 2000).
1995 2000
Production mode Production Share Production Share
(GWh) (%) (GWh)  (%)
Hydropower 1 233 26.4 1 176 31.2
Wind power - - 4 0.1
Combined heat and power generation, CHP, District heating 355 7.6 143 3.8
Combined heat and power generation, CHP, Industry 1 859 39.7 1 959 52.0
Condensing power 1 232 26.3 485 12.9
Total 4 679 100 3 767 100
Electricity imports 2 235 3 620
Self-sufficiency rate in electricity (%) 68 51
According to the statistics, the electricity consumption in Kymenlaakso has grown
in all industries since 1995, and as the self-sufficiency in energy has gone down,
this means that energy imports have grown (Table 27). In terms of the breakdown
used in the table, the largest energy consumer in Kymenlaakso is industry (about
83 % of the electricity production).
Table 27. Electricity consumption in Kymenlaakso and in Finland in 1995 and 2000 (Electricity Statistics 1996, Electricity and
district heat 2000).
1995 2000
Kymenlaakso Finland Kymenlaakso Finland
Sector GWh Share (%) GWh Share (%) GWh Share (%) GWh Share (%)
Private consumption 560 8.1 14 688 22.3 596 8.1 16 536 21.6
Agriculture 109 1.6 2 358 3.6 125 1.7 2 419 3.2
Industry 5 769 83.4 37 057 56.1 6 147 83.2 43 632 57.1
Services 343 5.0 7 508 11.4 372 5.0 8 967 11.7
Public consumption 133 1.9 4 388 6.6 147 2.0 4 852 6.4
Total 6 914 100 65 999 100 7 387 100 76 406 100
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In Kymenlaakso, there is a large concentration of heavy energy-using industries,
which makes the energy-intensity of the region significantly higher than the national
average. In 2000, Kymenlaakso was the second-largest energy consumer among
the regions in Finland, right after Uusimaa. In the statistics on electricity consumption
by municipality in Finland as a whole, a number of municipalities in Kymenlaakso
were among the largest electricity consumers: Anjalankoski (4th), Kuusankoski (5th),
Kotka (18th) and Vehkalahti (22nd). (Electricity and district heat 2000).
The district heat production in Kymenlaakso was about at the same level in
1995 and 2000 (Table 28). The amount of district heat consumed in 2000 was calculated
by estimating the transmission and measurement losses using the same figure as
that used in the national statistics by Statistics Finland, 8.4 %. The consumption for
1995 was calculated using similar loss percentages, and using as the net production
figure the district heat consumption estimates published in the energy consumption
scenarios of the early 1990s by the Kymenlaakso Regional Planning Authority.
Table 28. District heat production in Kymenlaakso in 1995 and 2000 (Statistics Finland 2002a, Timonen 2003a, Timonen 2003b).
Net production of district heat (GWh) Network and District heat
measurement losses consumption
Separate Combined (8.4 % of production) (GWh)
production production Total  (GWh)
Kymenlaakso, 1995 211 604 815 68.5 746.5
Kymenlaakso, 2000 334 495 829 69.9 759.1
Finland is, even globally, a leading country in the combined production of heat
and power. Almost 80 % of the district heat production is based on combined heat
and power production (Finnish District Heating Association 2003). According to
statistics by Statistics Finland, 60 % of the district heat in Kymenlaakso is produced
using combined production (Timonen 2003a), and thus according these statistics
the share of combined production in Kymenlaakso is distinctly smaller than the
national average.
2.7.2 Emissions from electricity and district heat production in
communities
The emissions from electricity and district heat production were defined using fuel
use data recorded in the Vahti data systems and reported by Statistics Finland (Table
29). The power plants producing electricity in Kymenlaakso (NACE code 401,
electricity production and distribution), include the Mussalo power plant of
Mussalon Voima Oy, the Hinkkismäki power plant of Kouvolan Seudun Sähkö Oy,
the Hovisaari power plant of Kotka Energia Oy, and the power plants of the chemical
wood processing industry. More than ten of the largest district heating plants
required to submit a notification (NACE code 403, heat production and distribution)
are located in Kymenlaakso (Vahti).
Table 29. Emissions to air from electric power and district heat production of communities in Kymenlaakso in 2000.
Emissions to air (t/a)
Industrial category CO
2, (foss.)
CH
4
N
2
O NO
x
SO
2
TSP CO NMVOC
Electric power production (NACE 401) 636 669.9 9.2 8.4 1 325.5 1 174.3 78 0.5 0.6
Heat production (NACE 403) 27 438.0 2.2 0.7 59.4 64.4 26.3 43.6 8.2
Total 664 107.9 11.4 9.1 1 384.9 1 238.7 104.3 44.1 8.8
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The coal used by the Mussalo power plant of Mussalon Voima Oy is clearly visible
in the emissions from energy production in the region, and this plant constitutes
the most significant point-source emitter of carbon dioxide in the region. The
operations of this plant are also dominant in the other emissions in this industry in
Kymenlaakso. Computational emissions for metals were also calculated on the basis
of the fuel consumption (Table 30).
Table 30. Computational metal emissions from electricity and district heat production in Kymenlaakso in 2000.
Metal emissions to air (kg/a)
Production As Cd Cr Cu Hg Ni Pb V Zn
Electric power production (NACE 401) 3.4 0.5 25.4 9.1 17.2 22.7 19.9 42.3 15.3
Heat production  (NACE 403) 0.1 0.1 0.3 0.7 0.2 14.8 2.5 44.6 2.2
Total 3.5 0.6 25.7 9.8 17.4 37.5 22.4 86.9 17.5
2.7.3 Emissions from individual building heating
The fuel use and emissions for the individual heating of buildings were distributed
between urban and rural areas on the basis of resident numbers and building types.
The individual heating of business and office premises was estimated to be located
in urban areas, as well as that of semi-detached houses and blocks of flats. Separate
heating in industry, in contrast, was allocated directly to industrial operations. The
buildings in rural areas are assumed to be single-family houses.
The floor area of single-family houses is reported as 4 004 865 m2 for urban
areas and 1 234 641 m2 for rural areas (Municipal Statistics 2002). Using the specific
heat consumption figure of 149.0 kWh/m2 (Electricity and district heat 2000), we
obtain the effective heat consumption figure of 596.7 GWh for single-family houses
in urban areas, and for rural areas, the respective figure of 184.0 GWh.
The following assumptions were made when estimating the distribution of
heating modes between rural and urban areas (Table 31):
• district heat and direct natural gas heating are located in urban areas
• electricity heating is distributed by level of urbanization
• both urban and rural areas have the same fuel distribution in individual
building heating
• the fuel distribution of individual building heating is based on the national
distribution published by Statistics Finland
Table 31. Distribution of effective heating energy consumption by heating mode among urban and rural areas in 2000.
Heating mode Total (GWh) Urban areas (GWh) Rural areas (GWh)
District heat 759 759 0
Electrical heating 415 358 57
Direct natural gas heating 800 800 0
Centralised modes, subtotal 1 974.0 1 917 57
Individual home heating Light fuel oil 293.6 253 40
Heavy fuel oil 1.6 1 0
Wood 372.2 321 51
Coal 0.9 1 0
Individual home heating, subtotal 668.2 577 92
Total 2 642.2 2 494 148
Sources: Kymenlaakso Regional Planning Authority 1990; Natural Gas Statistics 2003; Electricity and district heat 2000; Mä-
enpää and Mänty 2004.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41The Finnish Environment 697en
The emissions from individual home heating in rural areas were estimated using
effective heat requirements and default efficiency factors. The efficiency factors for
natural gas are 90, for light fuel oil, 78, for heavy fuel oil, 83, for wood, 55 and for
coal, 60. On the basis of this consumption estimate, we calculated the emissions
using computational efficiency factors (Table 32, see Section 2.6.3).
Table 32. Emission to air from individual building heating in Kymenlaakso in 2000.
Emissions to air (t/a)
Location CO2, (foss.) CH4 N2O NOx SO2 TSP CO* NMVOC*
Urban areas 265 253 30 10 493 269 455 1 400 - 5 200  1 100 - 2 100
Rural areas 13 762 4 1 38 43 72 320 - 1 300  248 - 490
Total 279 015 34 11 531 312 527 1 700 - 6 500 1 300 - 2 600
* Mean emission values are used in the environmental impact assessment (Part 2).
The computational emissions of metals were divided between urban and rural areas
correspondingly, and the results are presented in Table 33.
Table 33. Emissions of metals to air (kg/a) from individual building heating in Kymenlaakso in 2000.
Metal emissions (kg/a)
Location As Cd Cr Cu Hg Ni Pb V Zn
Urban areas 0.2 1.1 4.2 10.5 1.1 5.1 31.6 21.6 31.6
Rural areas 0.0 0.2 0.7 1.7 0.2 0.8 5.0 3.4 5.0
Total 0.3 1.3 4.9 12.2 1.3 5.9 36.6 25.0 36.6
2.7.4 Emissions from heating holiday homes
According to statistics, more than half of the summer cottages in Finland have
electricity, and part of them also have electric heating (Island Committee 2001). The
electricity consumption for holiday homes is included in the private energy
consumption (Table 2, Section 2.7.1). The consumption of wood energy in holiday
homes was estimated using two different sets of input data, which both led to
approximately the same conclusion.
Calculation procedure 1.
Holiday homes include summer cottages, in which the main energy consumption
is due to space heating and heating the sauna. In the region of Kymenlaakso, there
were 17 160 holiday homes in 2000, according to Statistics Finland (2002b), and
there were 69 000 regular users of these holiday homes (four per cottage). According
to studies by the Forest Research Institute, the average consumption of firewood in
the period 2000/2001 was slightly less than 2 m3/building. The average thermal
energy in chopped birch logs, at 20 per cent use humidity, is about 1 700 kWh/cubic
metre of wood (Pirinen 1997). On the basis of this information, we obtain the
firewood consumption of 1 700 kWh/m3 x 2 m3/building = 3 400 kWh/building.
Thus, we arrive at the total consumption of energy from firewood in the 17 160
holiday homes in Kymenlaakso of 3 400 kWh/building x 17 160 holiday homes =
58.3 GWh » 210 TJ.
Calculation procedure 2.
According to the energy statistics by Statistics Finland, in 2000, Finnish holiday
homes consumed a total of 5 000 TJ of firewood, 120 TJ of light fuel oil, and 40 TJ of
natural gas, giving a total energy consumption of 5 160 TJ (Statistics Finland 2002a).
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The fuel use estimates by Statistics Finland are based on calculations made using a
building stock model by Statistics Finland and separate investigations (Statistics
Finland 2002a). According to Statistics Finland, there were 450 569 holiday homes,
or leisure-time residential buildings, in Finland in 2000 (Statfin 2003c). We thus obtain
a firewood consumption per building of 5 000 TJ/ 450 569 buildings » 0.011 TJ/
building, and for Kymenlaakso, correspondingly, 0.011 TJ/building x 17 160 cottages
» 190 TJ. In this analysis, in calculating the emissions we assume that no other fuels
are used in holiday homes. For the whole of Finland, the share of other fuels
amounted to about 3 % of total fuel use in 2000. Taking into account the other fuels,
the total fuel consumption in Kymenlaakso would amount to 196 TJ.
The amount of energy from firewood consumed in holiday homes in Kymenlaakso in
2000 is estimated as 200 TJ.
It is difficult to estimate the emissions from small-scale wood combustion,
because there are hardly any emission coefficients in the domestic literature, and
the coefficients defined in the US and Canada are not directly applicable to Finnish
conditions due to different wood species used and differences in combustion
techniques (Annex 3). The emission coefficients selected for the present analysis
are presented in Table 34.
Table 34. Emission coefficients for combustion emissions of small-scale firewood use in holiday homes in Kymenlaakso (Annex 3).
Emission Emission factor (mg/MJfuel)
NO2 50 -  150
SO
2
14 -  60
CO 1 800 -  7 000
TSP 30 -  1 000
PM
10
30 -  1 000
PM2,5 29 -  960
VOC 1 400 -  2 800
Using the above-mentioned coefficients, we obtain the rough estimate for
combustion emission ranges from small-scale firewood use presented in Table 35.
The ranges are calculated on the basis of the wood use estimate of 200 TJ defined
above. In the environmental impact assessment, the mean values of these figures
are utilized.
Table 35. Estimate of combustion emissions from holiday homes in Kymenlaakso in 2000.
Emission Estimated total emission (t/a)
NO2 10  -  30*
SO2 3  -  12*
CO 360  - 1 400*
TSP 6  -  200
VOC 280  -  560
*The mean values for the emissions are used in the environmental impact assessment.
The Air Pollution Control Programme of the Ministry of the Environment has
estimated that small-scale wood combustion caused about 40 % of the total emissions
of inhalable particulates in 2000 (Ministry of the Environment 2002). It is estimated
that 50 % of the fine particulate emissions are due to small-scale combustion
(Karvosenoja 2001). Correspondingly, 25 % of the emissions of volatile organic
compounds and 40 % of the dioxin emissions are estimated to result from small-
scale combustion (Ministry of the Environment 2002). A preliminary estimate on
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benzene and carbon monoxide emissions suggests that 60 % of all benzene emissions
derive from small-scale burning of wood (Pietarila et al. 2002, ref. in Haaparanta
2003). On the basis of these estimates, we can make a rough estimate of the order of
magnitude of emissions by calculating the small-scale wood combustion in holiday
homes in Kymenlaakso in proportion to the the total amount of small-scale wood
combustion in Finland and the emission values given in statistics. Small-scale
firewood use in Finland in 2000 amounted to 47 100 TJ, and the share of leisure-
time residential buildings (holiday homes) of this was 5 000 TJ (Statistics Finland
2002a), i.e., 10.6 %. Table 36 presents the flue gas emissions from small-scale wood
combustion for holiday homes using this percentage, and the share of Kymenlaakso
of these emissions in proportion to the amount of wood burned, which is the same
estimate as used previously in estimating the other emissions.
Table 36. Flue gas emissions from small-scale wood combustion in Kymenlaakso in 2000.
Emission Total emissions, Small-scale Small-scale Small-scale
Finland 2000 combustion, combustion, combustion,
(t/a) Finland as a holiday homes, holiday homes,
whole (t/a) Finland (t/a) Kymenlaakso (t/a)
TSP 73 900
PM
10
 (inhalable particulates) 48 200 19 300 2 050 81*
PM2,5 (fine particulates) 37 700 19 000 2 000 80*
VOC 160 000 40 000 4 250 170*
Dioxins Not estimated
Benzene Not estimated
* Used in the total emission estimate and the environmental impact assessment
2.7.5 CFC emissions to air
In Southeast Finland, 13 774 refrigeration appliances were discarded in 1993 (Aarinen
1994). In proportion to the population of Kymenlaakso (68%), this would amount
to 7 989 appliances. The emission estimates for CFCs (halogenated chloro-
fluorocarbons) assume that equal numbers of appliances are discarded each year,
and thus this number of discarded appliances can be applied for the year 2000, as
well. The average CFC content of refrigeration appliances was 0.15 kg in the
refrigeration liquid and 0.62 kg in the insulation material per appliance (Rossi and
Hokkanen. 1994, Myllynen 1996). Thus the amount of CFCs in discarded
refrigeration appliances in Kymenlaakso can be calculated as being 5 tons in the
insulation and 1.2 tons in the refrigeration liquid.
The CFCs in the insulation material are assumed to be totally emitted into the
air, thus causing emissions of 5 tons. We also assume that half of the refrigeration
liquid is reclaimed, leading to emissions 0.6 tons of CFC. In total, the CFC emissions
from the Kymenlaakso region can be estimated as 5.6 tons in 2000.
2.7.6 Municipal waste waters
The municipal sewage treatment plants report their waste water loads annually to
the environmental authorities. The data are transferred into data systems (Hertta,
Vahti), in which they are available to the entire environmental administration.
According to the Hertta data system, the emission loads of waste waters from
residents connected to the municipal sewage system in the municipalities in
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Kymenlaakso in 2000 were 485 tons of nitrogen, 8.3 tons of phosphorus, and 261
tons of organic matter. Furthermore, the ammonium (NH4
+) emissions to waters
from municipal sewage treatment plants were 357 tons in 2000. In addition, the
sewage treatment plants of hospitals and other service operations in the region
emit 0.3 tons of nitrogen, 30 kg of phosphorus and 150 kg of organic matter into the
watercourses of Kymenlaakso (Table 37). The sewage treatment plants accounted
for about 10 % of the total BOD loading of industry and communities in
Kymenlaakso in 2000.
In early 2000, there were 24 126 residents (i.e., about 13 % of the population) in
Kymenlaakso not connected to the municipal sewage system (Lapinlampi and
Raassina 2002). The emissions from rural areas were estimated on the basis of
calculations. The basis of the emission estimates was formed by specific load factors
for earth closets (dry closets) and water closets and holiday homes (kg/capita/a),
and data on the treatment and drainage methods for wastewaters (Southeast Finland
Regional Environment Centre 2001). The nitrogen emissions and organic matter
produced by dry closets are essentially smaller than those from water closets. The
load per person from a house with an dry closet can be estimated as 0.25 kg
phosphorus/a, 0.3 kg nitrogen/a, and 4.4 kg organic matter/a. In contrast, the
potential annual load per person from houses with water closets is 1.8 g phosphorus/
day, 12.0 g nitrogen/day and 60 g organic matter/day (Southeast Finland Regional
Environment Centre 2001). The loading from water closets is eventually determined
by the size of the receiving body of water and the length of time the emission has
travelled through the soil before ending up in the water. Of the population in rural
areas, 12 % are estimated to use dry closets (Southeast Finland Regional Environment
Centre 2001).
Depending on the statistics used1, there are reported to be 14 000 – 15 000
holiday homes in Kymenlaakso (Lampinen 2003). The number of residents in
summer cottages in the region of Southeast Finland is reported as 2.7 residents/
cottage (Southeast Finland Regional Environment Centre 2001). Using these data,
we can produce the estimate of about 39 200 holiday residents in Kymenlaakso.
The specific load factors for holiday homes are 0.02 kg phosporus/resident/a, 0.05
kg nitrogen/resident/a and 0.72 kg BOD/resident/a (Southeast Finland Regional
Environment Centre 2001). The emission load from sewage calculated on the basis
of specific load factors and the number of holiday residents is presented in Table 37.
Table 37. Nutrient load from sewage in Kymenlaakso in 2000.
 Emissions (kg)
Residents (persons) P N BOD
7
Connected to sewage treatment plants 164 507 8 285 485 206 260 920
Rural areas 24 126 5 978 67 446 148 310
-water closets 21 231 5 254 66 577 135 572
-dry closets 2 895 724 869 12 739
Holiday homes 39 200 784 1 959 28 216
Hospitals and other services - 30 341 150
Total 15 047 554 611 437 596
The annual methane emissions from sewage treatment plants in 2000 are estimated
as 290 tons and the nitrous oxide emissions, as 16.1 tons (Petäjä 2003c).
1 Different statistics were used as the source data for estimating the emissions from small-scale firewood use in holiday homes
(Chapter 2.7.4), and this is why the estimates on the numbers of holiday residents in Kymenlaakso are different.
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2.7.7 Municipal waste
The waste ordinances of the municipalities in Kymenlaakso require households to
separate their recyclable and hazardous waste separately from their mixed waste
(Asikainen and Vesivalo 2003). Separately collectable recyclable wastes include paper,
board, metals and energy waste. Separate collection of biowaste will only be started
in a few years time. The mixed waste and the energy waste are packed in bags of
different colours, which are optically separated at the waste treatment plant.
The energy waste separated in bags is sent for incineration in the district heat
plant, Lahden Lämpövoima Oy in Lahti. The energy waste has also been used in
the boilers of two local industrial plants, which have both incinerated small amounts
of energy waste, mainly from business customers, as a by-fuel (Asikainen and
Vesivalo 2003).
Data on waste quantities arising in plants requiring an environmental permit
are collected annually in the Vahti data systems. The quantity of municipal waste
disposed of in landfills was obtained through a search in the Vahti data systems. In
2000, the amount of municipal waste disposed of in landfills in Kymenlaakso was
45 672 tons (Vahti).
The recyclable waste – paper, board and metals – generated in the Kymenlaakso
region can be estimated using the figures for Southeast Finland in proportion to
the shares of inhabitants (Asikainen 2003). The share recovered as energy, on the
other hand, is collected in total from the Kymenlaakso region (Asikainen 2003). The
data on municipal waste delivered to the waste management system are compiled
in Table 38 and Figure 3. The amount of waste placed in landfills is 61 % of the total
quantity of waste, resulting in the roughly calculated (Asikainen and Vesivalo 2003)
total recovery rate of 39 %. Municipal sewage sludge, construction waste and
hazardous waste are treated separately.
Table 38. Amount of municipal waste arising in the Kymenlaakso region in 2000.
Waste category Quantity (t)
Energy waste 14 784
Metal 1 560
Board 2 340
Paper 10 141
Other separately collected waste 780
Waste disposed of in landfills 45 672
Total municipal waste 75 227
Producers are responsible for the collection of hazardous waste, except for waste
from households, agriculture and forestry, the collection of which is the
responsibility of the municipality. In 2000, a total of 3 166 tons of hazardous waste
were collected from municipalities in the Kymenlaakso region (Table 39) (Frilander
2003). This figure includes hazardous waste from both municipalities and small
industries. The most common types of hazardous waste are waste oil, oil-
contaminated waste, batteries and paint waste.
Sewage sludge, construction waste and extracted land are not reported in
connection with ordinary municipal waste. Quantities of wastes not included in
ordinary waste are presented in Table 39.
In 2000, the municipal landfills received 8 564 tons, in wet weight, of sludge
from municipal sewage plants (Vahti).
Construction waste consists of waste from new buildings, repair operations
and demolition. In 2000, a total of 15 796 tons of construction waste and 18 957 tons
of excess land were disposed of in community landfills (Vahti).
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Table 39. Non-ordinary waste generated in Kymenlaakso in 2000.
Waste disposed of in municipal landfills t
Sewage sludge 8 564
Construction and demolition waste 15 796
Excess land 18 957
Total 43 317
Hazardous waste delivered for reprocessing t
Waste oil, batteries, etc. 3 166
2.7.8 Greenhouse gas emissions from waste disposed of in landfills
The methane emissions from waste disposed of in landfills were estimated using
the same calculation procedure as for methane wastes from industry landfills (IPCC
2000, Petäjä 2003b). There is no recovery of methane in landfills in Kymenlaakso
(Table 40).
Table 40. Methane emissions from waste disposed of in municipal landfills in Kymenlaakso in 2000 (Petäjä 2003b).
Waste category Quantity (t) CH
4
 (t)
Solid municipal waste 46 536 2 834
Municipal sewage sludge (in dry matter) 181 70
Construction waste 17 416 584
Total 64 133 3 488
2.7.9 Summary of emissions from communities
The largest emissions of CO2 to air were due to energy production in communities
and individual building heating. The use of wood for individual building heating
increases the methane, carbon monoxide and particulate emissions in the region.
The largest quantities of methane, however, are generated in landfills. 70 % of the
CFC emissions are assumed to derive from urban areas, and the rest, from rural
areas (Table 41).
Figure 3. Recovery of municipal waste arising in Kymenlaakso in 2000.
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The emissions to water were estimated on the basis of waste water from sewage
treatment plants and diffuse pollution from dispersed rural housing and holiday
homes (Table 42).
Table 41. Emissions to air from communities in 2000.
Emissions to air (t/a)
CO2 (foss.) NOX N2O SO2 CH4 CO Partic. (NM)VOC CFC
Community energy production 664 107.9 1 384.9 9.1 1 238.7 11.4 44.1 104.3 8.8
Individual building heating
in urban areas 265 253 493 10 269 30 3 300 455 1 600 3.92
Heating in rural and holiday homes 13 762 58 1 50.5 4 1 690 233 539 1.68
Municipal landfills / sewage* 16.1 3 778
Total 943 122.9 1 935.9 36.2 1 558.2 3 823.4 5 034.1 792.3 2 147.8 5.6
*Petäjä 2003c. Includes waste water treatment by industrial operations.
Table 42. Emissions to waters from communities in 2000.
Emissions to water (t/a)
P N BOD NH4
+
Municipal landfills / sewage 8.29 485.21 260.92 357*
Rural and holiday homes 6.76 69.41 176.53
Total 15.05 554.62 437.45 357
* Vahti.
2.8 Traffic
2.8.1 Special features of the traffic in Kymenlaakso
The traffic in Kymenlaakso is characterised by a growing amount of passenger traffic
and a steady flow of goods transports. The local passenger and goods traffic is heavy
especially surrounding the urban areas. Road transports are heaviest within industrial
communities, between them, and in the ports. The location of Kymenlaakso on the
eastern border of Finland increases the amount of transit transports and other traffic
through the area. For example in 2000, 86 531 trailer lorries crossed the Vaalimaa border
crossing point to Russia, and correspondingly, 103 091 trucks entered Finland from
Russia (Ojala 2003). The actual transit traffic, meaning traffic between two countries
through a third one, passes through Vaalimaa to the ports of Kotka and Hamina.
Furthermore, the goods transports from the Nuijamaa border crossing point also pass
through the region of Kymenlaakso, as well as part of the northbound traffic to Eastern
Finland. In addition to the transit traffic, the traffic to the ports is also increased by the
heavy goods traffic of the export industry.
The railway operating centre for Kymenlaakso and the entire Eastern Finland
is located in Kouvola. In terms of goods transported, the Kouvola-Luumäki railway
section is the most frequently used one in Finland. The transit traffic increases the
traffic on the railways of Southeast Finland, especially on the route Kotka/Hamina
– Kouvola – Vainikkala. The flow of transit goods by railway freight from Russia is
inclined toward imports, whereas the road transit freights are more export-oriented.
The transports by sea depart from and arrive at the ports of Kotka and Hamina.
They are primarily export ports for the forest industry. The share of transit transports
in all transports by sea has, however, grown significantly in the past few years.
Compared with transports by sea, the inland water traffic is minor and is
concentrated at the northern end of the River Kymi, where timber is floated down
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2.8.3 Road traffic
The road network of the region consists of public roads managed by the Road
Administration and private roads, which are maintained by either municipalities
or private landowners. In 2000, there were a total of 1 913 km of public roads in the
Kymenlaakso region, including 332 km of main roads (Finnish Road Administration
2003). The average daily traffic on the public roads in Kymenlaakso is presented in
Figure 5 (Finnish Road Administration 2003). The busiest roads in the region are
Highway 7 (Pyhtää – Vaalimaa), Highway 6 (Elimäki – Luumäki), Highway 12 (from
Kouvola toward Lahti) and Highway 15 (Kotka – Kouvola).
the river in rafts. The traffic in the archipelago off the coast of Kymenlaakso is mainly
summer traffic by tourists and summer cottage owners (Kalpio and Holmberg 2001).
The traffic on rivers and on the coast was not considered further in this context due
to its insignificant role.
There is also one airport in the Kymenlaakso region, which is used by the
army (Utti). The air traffic there is not very busy, and thus air traffic was left out of
the inventory, as well.
2.8.2 Calculation of the emissions from traffic
The emissions caused by traffic in Kymenlaakso were compiled by traffic mode
(road, rail and sea traffic). The shares of passenger and goods traffic were estimated
separately for each traffic mode. The goods traffic is further divided into domestic
and transit transports. The reference used for the distribution by vehicle type and
the specific emission coefficients was the Lipasto by the VTT (2003b). The passenger
traffic is further classified by purpose using national averages. The total emission
load also includes the emissions from the ports (Kotka, Hamina) and the railway
depots (Kouvola, Kotka, Hamina). Figure 4 illustrates the constituents of the
environmental load from traffic, and the data reported through calculations.
Figure 4. Calculation chart for the environmental load from traffic in Kymenlaakso.
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Figure 5. Average daily traffic (vehicles/day)
on the roads in Kymenlaakso in 2000
(Finnish Road Administration 2003).
a) Goods traffic
There are two alternative approaches to calculating the mileage and emissions of
goods traffic. The calculations can be made on the basis of either vehicle-kilometres
or ton-kilometres. In the present inventory, the emissions from freight transports
were calculated on the basis of vehicle-kilometres. In the road register of the Finnish
Road Administration used as the data source, the total traffic mileage is divided
into light traffic (passenger cars, vans) and heavy traffic (goods traffic and buses).
The heavy traffic is divided into buses, lorries and trailer lorries.
Mileage in kilometres driven
The total mileage of heavy traffic in Kymenlaakso (buses, lorries and trailer lorries)
on public roads was 119 million vehicle-kilometres in 2000 (Koikkalainen 2003).
When the share of buses, which are passenger traffic, are subtracted from the total
performance of heavy traffic, we obtain the goods traffic mileage of 105.1 million
vehicle-kilometres on public roads (Table 43). Subtracting the mileage of trailer lorries
(78.1 million vehicle-kilometres, Puranen 2003) from the total performance of goods
transport provides the mileage of lorries on public roads.
The mileage of goods traffic on public roads is estimated as 82.3 % of the total
mileage of road goods traffic (Finnish Road Administration 2003). This leaves 17.7
%, or 22.6 million kilometres, as the share of goods traffic on private roads and
streets. Using these percentages, the total mileage of goods traffic by road can be
calculated as 127.7 million vehicle-kilometres in the Kymenlaakso region in 2000
(Table 43). This figure also includes the mileage of transit goods traffic.
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Table 43. Mileage of goods traffic in Kymenlaakso in 2000.
Goods traffic million vehicle-km million ton-km
Public roads 105.1
- trailer lorries 78.1
- lorries 27.0
- vans 5.7
Private roads and streets 22.6
- trailer lorries 16.8
- lorries 5.8
- vans 3.1
Total 127.7* 1 073
Transit transports 75.5
* Includes the mileage of transit transports.
In the present inventory, vans are included in the goods traffic, even though their
mileage is not included in the mileage of heavy goods traffic. The mileage of vans
on public roads in Kymenlaakso was 5.7 million kilometres in 2000 (the combined
mileage of passenger cars and vans, less the mileage of passenger cars). The share
of public roads in the mileage for this traffic mode is about 65 %, and that of public
roads, 35 % (Finnish Road Administration 2003). The total mileage of vans was 8.8
million vehicle-kilometres. In reality, the mileage is probably greater, as part of the
mileage by vans is recorded under passenger car mileage in the statistics.
Mileage in ton-kilometres
Statistics Finland (2001a) compiles annual statistics on goods transport flows within
and between regions. In 2000, the internal goods transports within Kymenlaakso
were 16.2 million tons, or 400 million ton-kilometres. The average transport distance
in transports within the region was less than 25 kilometres. In the year in question,
4.47 million tons of goods left the region by road, and 8.99 tons of goods entered it.
The average transport distance in the region of Kymenlaakso was assumed to
be about 50 km. When multiplying the quantity of goods entering and leaving the
region with the average transport distance, we obtain a transport performance of
673 ton-kilometres. The internal transports within region, together with the cross-
boundary transports, provide a total goods transport performance of 1 073 ton-
kilometres in the Kymenlaakso region (Table 43).
Emissions
The emissions caused by goods traffic (Table 44) were calculated using the unit
emission coefficients of the Lipasto, and the vehicle-kilometres presented above.
The following assumptions were made in calculating the emissions from goods
traffic:
• Average unit emission coefficients were used for all vehicle types.
• Lorries = large delivery lorries with a 50 per cent load in delivery runs.
• The share of semitrailer lorries is 12.1 % and the share of full trailer combination
lorries is 87.9 % (Finnish Trucking Association 2003).
• The load of trailer lorries = 70 % of maximum load.
• Highway driving is on public roads and urban driving on private roads or
streets.
• The mileage of vans is assumed as arising in delivery runs with a 50 per cent
load, and delivery runs = 30 % highway driving and 70 % urban driving.
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Table 44. Emissions from goods traffic in Kymenlaakso in 2000.
Emissions to air (t/a)
CO2 N2O CH4 SO2 NOx CO HC Partic.
Public roads
- trailer lorries 91 825 1.43 1.22 0.85 996 31.6 11.7 13.0
- lorries 15 741 0.90 0.84 0.15 140 45.9 27 9.5
- vans  1 511 0.05 0.03 0.01 8.6 4.5 1.1 1.0
Private roads and streets
- trailer lorries 34 082 0.59 0.74 0.33 393 33.8 14.2 8.4
- lorries  3 381 0.91 0.18 0.03 30 9.9 5.8 2.0
- vans  822 0.03 0.01 0.01 4.7 2.4 0.6 0.5
Total 147 361 3.2 3.0 1.4 1 573 128 60.5 34.4
b) Transit traffic
Mileage
The transit traffic in Kymenlaakso refers to the goods flows crossing the eastern
border, to or from Russia, through Finland to other countries. A small amount of
the transit transports crossing the eastern border is from or to the former NIS-
countries. Eastward transits refer to the transports that arrive in Finnish ports and
continue their way either as road or rail transit to Russia, and correspondingly
westward transits refer to traffic in the opposite direction.
Vaalimaa in Kymenlaakso is the largest border station for road transit transports
in Finland, in terms of tons transported (Table 45). In quantitative terms, the next
largest border station is Nuijamaa in Southern Karelia, and all of its transit traffic
passes through Kymenlaakso. Eastbound transports make up 95 % of the road transit
transports, whereas the transit transports by rail are dominated by westbound
transports.
Table 45. Eastbound and westbound transit transports through Finnish border stations in 2000 (Statistics Finland 2001b).
Transit tonnage (t/a)
Border station Eastbound Westbound Total
Niirala 2 266 1 035 3 301
Nuijamaa 348 672 4 341 353 013
Pelkola 2 084 741 2 825
Vaalimaa 828 821 50 995 879 816
Total 1 181 843 57 112 1 238 955
The mileage and emissions of the road transit transports were calculated on the
basis of statistics on the tonnage of road transit transports (Statistics Finland 2001b),
and the distances of alternative routes (GT Road Maps 1994). The border stations of
Niirala and Pelkola were not taken into account due to their small operation scales.
The transit transports through the Vaalima border station always pass through the
Kymenlaakso region, either partly or along their whole length. In estimating the
transport distances, it was assumed that equal shares of the transit transports go to
Hamina, Kotka and Helsinki. The average transport distance in Kymenlaakso from
Vaalimaa to the ports is 64.1 km. The average transport distance for transports to or
from Nuijamaa was about 53.5 km within the Kymenlaakso region. Of the tonnage
transported, 71.4 % pass through Vaalimaa and the remaining 28.6 % through
Nuijamaa. Using these shares as weighting factors, we obtain the average road transit
transport distance of 61.1 km within the Kymenlaakso region.
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When the average transport distance is multiplied by the tonnage of transit
transports, we obtain the performance of transit transports in the Kymenlaakso
region in 2000, which is 75.7 million ton-kilometres.
Emissions
The emissions from transit transports were calculated using the unit emission
coefficients by the VTT (2003b) (Table 46). About 90 % of the transit transports are
conveyed by Russian lorries (Seppälä 2003b). The calculations applied the following
assumptions:
• The vintage of the Russian vehicles is 1991 or older.
• The vintage of the Finnish transit transport lorries = the average vintage of
Finnish lorries in 2001.
• Full trailer combination lorries and semi-trailer lorries are used in equal
numbers.
• The transit lorries travel on highways.
Table 46. The emissions from road transit transports in Kymenlaakso in 2000.
Emissions to air (t/a)
CO
2
N
2
O CH
4
SO
2
NO
x
CO HC Partic.
Finnish lorries 288 0.01 0.005 0.003 3.3 0.10 0.04 0.04
Russian lorries 2 521 0.11 0.07 0.02 46.0 2.15 0.57 0.78
Total 2 809 0.12 0.08 0.02 49.3 2.25 0.61 0.82
c) Passenger traffic
Mileage
The total mileage of passenger traffic in 2000 amounted to 2 250 million person-
kilometres. This total consisted of 1 458 million kilometres on public roads, and 792
kilometres on streets and private roads. The passenger traffic mileage includes both
private cars and buses (Prokkola 2002). The mileages of private cars and buses were
separated from each other in proportion to the mileages in the entire country.
In 2000, private cars accounted for about 88 %, and buses for 12 % of the mileage
of the total passenger traffic. The share of the passenger traffic mileage generated
in private cars on public roads was 87 % and the share on streets and private roads
was 89.5 % (Prokkola 2002). Using these shares, we obtain for private cars in
Kymenlaakso the total mileages of 1 268.5 million person-kilometres on public roads
and 709 million person-kilometres on streets and private roads. The respective
mileages for bus traffic are 189.5 million person-kilometres and 83 million person-
kilometres.
The mileage per car is obtained by dividing the person-kilometres by 1.4
(average number of passengers in a car), and the mileage per vehicle by buses,
correspondingly, by dividing the number of person-kilometres by 13 (Table 47). In
terms of vehicle-kilometres, the share of private cars constituted 98.5 % of the total
passenger traffic.
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Table 47. Passenger traffic mileages in Kymenlaakso in 2000.
Passenger traffic million vehicle-km million person-km
Public roads 921 1 458
-private cars 906 1 268
-buses 15 190
Streets and private roads 513 792
-private cars 506 709
-buses 7 83
Total 1 434 2 250
Private car traffic
- commuting 489
- shopping and business 305
- leisure trips 619
Bus traffic
- within the region 19
- tourist coaches 2
The mileage generated by bus traffic, in turn, can be divided into the bus traffic
within Kymenlaakso, and the tourist coaches to Russia. In 2000, the Vaalimaa border
station was crossed by 19 606 buses, of which 9 838 were entering Finland, and 9
768 were on their ways to Russia (Ojala 2003). Assuming that 9 803 buses drove
about 170 kilometres within the Kymenlaakso region (the distance from Vaalimaa
to Pyhtää and back), we obtain the tourist coach mileage of 1.67 vehicle-kilometres
(Table 47).
Purpose of the journeys
The mileages and emissions generated by passenger traffic were further divided
according to the purpose of the journey into leisure trips, shopping and business
trips and commuting (work and education). The division is based on a study
conducted at the Tampere University of Technology on the possibilities to reduce
carbon dioxide emissions from traffic (Kalenoja et al. 2002). In the study, the
passenger traffic mileage in Finland in 1999 was divided by journey purpose in
different types of areas. The areas include the Helsinki metropolitan area, other
large cities, other urban areas, other municipalities, and long-distance traffic
pertaining to all these areas. The largest share of passenger traffic mileage is, in fact,
generated in long-distance traffic between urban areas and other municipalities.
Four municipalities in Kymenlaakso (Kouvola, Kotka, Kuusankoski and
Anjalankoski) can be classified as other urban areas (more than 15 000 inhabitants),
and the rest of the municipalities are in the category of other municipalities (less
than 15 000 inhabitants). First, the mileages generated in each municipality (Puranen
2003) were divided into long-distance traffic and other traffic using the data for the
whole of Finland (Kalenoja et al. 2002). Of this total mileage, 57.5 % is estimated as
being long-distance traffic, and 42.8 %, other traffic. This same proportion was
applied to the urban and other municipalities described above. Using the study by
Kalenoja et al., the mileage of the other traffic was divided according to purpose,
separately for urban areas and other municipalities, and finally, the weighted
average for trips with different purposes was calculated for the entire region. The
entire passenger traffic mileage in Kymenlaakso was distributed as follows:
commuting, 34.6 %, shopping and business, 21.6 % and leisure trips, 43.8 %.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .54 The Finnish Environment 697en
Emissions
The emissions from passenger traffic were calculated using unit emission coefficients
by the VTT (2003b). The following assumptions were made in calculating the
emissions from passenger traffic:
• as emission coefficients, the weighted emission coefficients for the whole of
Finland for 2001 were used
• the tourist coaches were assumed to always run full (60 passengers), and only
on highways
• the internal bus traffic within the region was assumed to consist of equal shares
of highway and urban driving
• in highway runs, an average of 12 passengers were assumed to be on board,
and in urban runs, an average of 18 passengers
• highway runs were assumed to be made completely on public roads, and urban
runs on private roads and streets.
On the basis of these assumptions, the emissions from passenger traffic in
Kymenlaakso in 2000 were calculated (Table 48).
Table 48. Emissions from passenger traffic in Kymenlaakso in 2000.
Emissions to air (t/a)
CO
2
N
2
O CH
4
SO
2
NO
x
CO HC Partic.
Private car traffic 233 063 36.7 55.1 8.8 1 695 8 616 1 088 66.4
-commuting 80 636 12.7 19.1 3.0 586 2 981 376 23.0
-shopping & business 50 342 7.9 11.9 1.9 366 1 861 235 14.3
-leisure trips 102 086 16.1 24.1 3.8 742 3 774 476 29.1
Bus traffic 18 947 0.7 0.8 0.2 220 74 29 8.8
-within the region 17 837 0.6 0.7 0.2 205 72 28 8.4
-tourist coaches 1 110 0.1 0.0 0.0 15 1 1 0.4
Total 252 010 37.4 55.8 8.9 1 915 8 690 1 117 75.2
Public roads 156 396 23.9 35.5 5.7 1 173 5 535 704 45.1
Private roads and streets 95 614 13.5 20.3 3.2 742 3 154 413 30.1
The emissions from motorcycles and mopeds are also included in passenger traffic
(VTT 2003b). The emissions are reported by municipality for the year 2001, and
they are estimates based on the mileage in the whole of Finland, divided in
proportion to the populations of the different municipalities. The emission estimates
for 2000 were obtained using the adjustment factors of the index table (Table 49).
Table 49. The emissions from motorcycle and moped traffic in Kymenlaakso in 2000.
Emissions to air (t/a)
CO2 N2O CH4 SO2 NOx CO HC Partic.
Motorcycles and mopeds  2 024 0.04 4.2 0.06 4.3 460 102 0.5
d) Highway traffic through the region
Goods traffic
The tonnage transported using Finnish vehicles can be divided into domestic traffic
through the region (32 % of the total figure) and internal traffic (68 %) (Räty 2003).
The transit tonnage delivered using Finnish vehicles (10 % of total transits) was
subtracted from the internal traffic, in which it was originally included. The basic
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data on road traffic transports in 1995-2000 used as the source of the calculation,
however, do not include the quantities of goods transported using foreign vehicles,
so they had to be estimated separately and added to the results presented above.
The share of foreign vehicles is estimated as being 18 % of the total number of
vehicles passing through the region (Halme 2003).
The emissions from goods traffic were divided into internal, domestic through
traffic, and transit traffic emissions. Because the emissions for transit transports were
already calculated earlier, they were subtracted from the emissions from the total
amount of goods traffic. The remaining emissions were divided among the traffic
through the region in proportion to the tonnages transported (30.0 % for domestic
through traffic, 5.3 % for through traffic using foreign vehicles, and 64.7 % for
internal traffic). The results are presented in Table 50 and Figures 6 and 7.
Table 50. Emissions to air from the road goods traffic in Kymenlaakso, divided into domestic through traffic, internal traffic
and transit traffic.
Emissions to air (t/a)
Goods traffic CO
2
N
2
O CH
4
SO
2
NO
x
CO HC Partic.
Domestic through traffic 50 945 1.1 1.0 0.5 537 44 21 11.8
Internal 93 607 2.0 1.9 0.9 987 82 39 21.8
Transits 2 809 0.1 0.1 0.02 49 2 0.6 0.8
Total 147 361 3.2 3.0 1.4 1 573 128 60.6 34.4
Passenger traffic
An estimated 9 % of the journeys in the passenger traffic in Kymenlaakso (excluding
bus traffic) made using domestic vehicles are estimated as being through traffic
(Räty 2003). About 14 % of the through traffic is generated by foreign cars (Halme
2003). The total emissions from passenger traffic are thus distributed among domestic
internal traffic (90.7 %), domestic through traffic (8.2 %) and through traffic by
foreign vehicles (1.1 %). The emissions from buses and light vehicles were also
divided using the proportions used for passenger cars. This does not influence the
validity of the results very much, because the share of the emissions from these
transport modes are small to begin with. The emissions to air from passenger traffic
are presented in Table 51.
Table 51. Emissions to air from passenger traffic, divided into through traffic and internal traffic.
Emission to air (t/a)
Passenger traffic CO
2
N
2
O CH
4
SO
2
NO
x
CO HC Partic.
Domestic through traffic 23 620 3.5 5.6 0.8 178 851 113.3 7.0
Internal 230 413 33.9 54.4 8.2 1 741 8 298 1 105.6 68.7
Total 254 033 37.4 60.0 9.0 1 919 9 149 1 218.9 75.7
e) Total environmental load of road traffic
The internal traffic is responsible for the largest share in all emission parameters in
Kymenlaakso in 2000 (Table 52 and Figures 6 and 7). The shares of goods traffic,
however, are significant in emissions of carbon dioxide, nitrogen oxide and
particulates. The emissions from domestic through traffic are larger in the category
of goods traffic than in passenger traffic.
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Figure 6. Distribution of CO2, CO, HC and NOx emissions from road traffic between internal
and through traffic.
Figure 7. Distribution of particulates (PM),CH4, N2O, and SO2 emissions from road traffic
between internal and through traffic.
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Table 52. The shares of passenger and goods traffic of the emissions from the total road traffic in Kymenlaakso in 2000.
Share (%) of total emissions
CO2 N2O CH4 SO2 NOx CO HC Partic.
Goods traffic 36.7 7.8 4.7 13.4 45.1 1.4 4.7 31.2
- Internal 23.3 4.9 3 8.5 28.3 0.9 3 19.7
- Through, domestic 12.7 2.6 1.6 4.6 15.4 0.5 1.7 10.7
- Transit 0.7 0.3 0.1 0.3 1.4 0 0 0.8
Passenger traffic 63.3 92.2 95.3 86.6 54.9 98.6 95.3 68.8
- Internal 57.4 83.6 86.4 78.6 49.8 89.4 86.4 62.4
- Through, domestic 5.9 8.6 8.9 8.0 5.1 9.2 8.9 6.4
Total 100 100 100 100 100 100 100 100
2.8.4 Railway traffic
Kouvola is the railway centre of Kymenlaakso, with railway connections in all
directions (Figure 8). In Juurikorpi, the southern railroad line branches off to Kotka
and to Hamina, and the eastern line branches off at Luumäki to the Vainikkala
border crossing point and in the direction of Lappeenranta. All railway lines in
Kymenlaakso, except for the industrial and seaport lines, are electrified. The most
frequently used lines from Kouvola to Lahti, Luumäki and Juurikorpi, have two
sets of tracks. The total length of the railway network in the Kymenlaakso region is
about 292 km, of which double tracks make up 122 km (Varis and Matilainen 2001).
The largest number of passengers pass through the railway station in Kouvola,
with a total of 567 000 passenger arrivals and departures in 2000. The second largest
station for passenger traffic was Kotka. Besides Kouvola, other large goods transport
stations included Hamina, Kuusankoski and Kotka, which has a large amount of
arriving goods, but only a small amount of goods departures (Mansikka 2002).
Figure 8. The railway network in Kymenlaakso
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a) Goods traffic
The goods traffic on the railways in Kymenlaakso is busy. The transit traffic is an
important addition to the traffic, and the Kotka/Hamina-Kouvola-Vainikkala route
is the most frequented railway transit transport route in Finland. The railway
transports from Russia are mostly imports: more than 96 % of the railway freight
between Russia and Finland consists of imports to Finland. The transit transports
by rail are also mainly from Russia to Finland: close on 91 % of the transit freight
flow is from the east (Table 53). About half of the railway transports crossing the
border pass through Vainikkala (Kalpio and Holmberg 2001, Statistics Finland 2001b).
Table 53. Transit transports by rail, and imports and exports between Finland and Russia in 2000 (Statistics Finland 2001b).
Imports and exports (t/a) Transit transports (t/a)
Exports to Imports from
Station the east the east Eastbound Westbound
Vainikkala 392 316 4 834 443 195 988 2 210 639
Others 96 944 7 310 010 26 527 238 882
Total 489 260 12 144 453 222 515 2 449 521
Emissions
The evaluation of the emissions from transports by rail is divided into four categories:
internal goods transports within Kymenlaakso (46 % of the tonnage of total
transports in the region), transports related to imports and exports over the eastern
border (33 %), transports related to imports from and exports to the west (1 %), and
transit transports (20 %) (Lahelma 2003).
The total emissions from the railway goods traffic were calculated using the
Raili 2000 calculation system by the VTT by adding up the emissions from railway
freight traffic on the railroad lines located in Kymenlaakso (Mäkelä 2002). These
railroad lines are Kouvola-Kotka, Kouvola-Lahti (the 54 % of the railway line within
Kymenlaakso), Kouvola-Mikkeli (the 47 % of the railway line within Kymenlaakso),
and Juurikorpi-Hamina.
The emissions generated on the railway line Kouvola-Luumäki (47 % within
Kymenlaakso) were estimated using emission data from the railway lines Luumäki-
Mikkeli and Luumäki-Vainikkala. These railway lines together are almost the same
distance as the line between Kouvola and Luumäki, and the same trains run on
these lines, because Luumäki is only a junction for trains running in the direction
of Lappeenranta or Vainikkala. The emissions for the Kouvola-Kuusankoski railway
line were calculated using the data for the Kouvola-Luumäki line in proportion to
the tonnage of goods transported.
The emissions for the railway line sections include the sum total of traffic in
both directions, including both diesel and electric trains. The emissions from diesel
trains are due to the use of diesel oil as a fuel. The calculations also include emissions
from carriage heating and the emissions from electricity-generating aggregates on
the diesel-operated vehicles. The emissions from electric trains consist of indirect
emissions, i.e., those arising from the production of electricity.
The tonnages transported in domestic traffic, imports and transit traffic are
reported by railway line section (Lahelma 2003). Using these tonnages, the emissions
from the line sections were classified in the above-mentioned groups (Table 54).
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Table 54. Emissions from goods and transit traffic by rail in Kymenlaakso in 2000.
Emissions to air (t/a) Electricity
Goods traffic CO2 SO2 NOx CO HC Particles (MWh/a)
Domestic 2 827 4.1 25.5 4.6 1.5 1.0 12 538
Eastbound 1 690 2.4 15.8 2.8 0.9 0.6 7 352
Westbound 70 0.1 0.7 0.1 0.0 0.0 292
Transit transports 806 1.4 3.9 1.0 0.2 0.3 4 457
Total 5 393 8.0 45.9 8.5 2.6 1.9 246 639
b) Passenger traffic
The railway passenger traffic in Kymenlaakso runs through Kouvola. By far the
most frequent traffic is on the railway line running west from Kouvola, which
combines the passenger flows of both the northern and the eastern lines. In 2000,
there were 2 210 000 trips made on this railway line. The number of trips from
Kouvola to the east was 1 095 000 (Kalpio and Holmberg 2001).
Emissions
Almost all the passenger traffic was on electric trains, except for the lines between
Kotka and Kouvola and Kouvola and Mikkeli, on which some diesel-operated trains
were also used. There was no passenger traffic on the lines between Kouvola and
Kuusankoski or Juurikorpi and Hamina. The emissions from passenger railway
traffic were calculated using the Raili 2000 calculation system by the VTT (VTT 2003c)
(Table 55).
Table 55. Emissions from passenger railway traffic in Kymenlaakso in 2000.
Emissions to air (t/a) Electricity
Passenger traffic CO2 SO2 NOx CO HC Particles (MWh/a)
Diesel trains 8.5 0.0 0.2 0.0 0.0 0.0 0.0
Electric trains 1 490 2.8 3.1 1.5 0.2 0.4 9 380
Total 1 499 2.8 3.3 1.5 0.2 0.4 9 380
Purpose of the journeys
Travel by railways can also be divided by purpose into commuting trips, shopping
or business trips, and leisure trips. Commuting trips make up 25 % of the long-
distance railway trips by electric trains, 5 % are shopping or business trips, and 70
% are leisure trips (Kalenoja et al. 2002). Correspondingly, 10 % of the diesel-operated
railway trips were for commuting, 5 % for shopping or business, and the remaining
85 % were leisure trips. Using these percentages, we can divide the emissions from
passenger railway traffic by purpose of the journey (Table 56).
Table 56. Emissions from passenger traffic by purpose of the journey in Kymenlaakso in 2000.
Emissions to air (t/a) Electricity
Purpose of the journey CO
2
SO
2
NO
x
CO HC Particles (MWh/a)
Commuting 374 0.7 0.8 0.4 0.05 0.1 2 345
Shopping & business 75 0.1 0.2 0.0 0.01 0.0 469
Leisure trips 1 050 2.0 2.3 1.1 0.14 0.3 6 566
Total 1 499 2.8 3.3 1.5 0.2 0.4 9 380
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a) Railway depots
The emissions from railway yards include emissions from shunting, transfers and
other work, and the calculations are based on working hours per railway depot
and engine type (Table 57). The emissions were estimated for the railway depots in
Kouvola, Kotka and Hamina. The engines used are diesel-operated (VTT 2003c).
Table 57. Emissions from railway depots in Kymenlaakso in 2000.
Emissions to air (t/a)
Depot CO
2
SO
2
NO
x
CO HC Particles
Kouvola 725 0.3 9.1 2.8 1.2 0.9
Kotka 891 0.3 11.2 3.6 1.6 1.1
Hamina 910 0.3 11.5 3.7 1.6 1.1
Total 2 526 1.0 31.8 10.1 4.4 3.1
d) Total environmental load from railway traffic
The total emissions from railway traffic in the Kymenlaakso region in 2000 are
presented in Table 58. One-third of the carbon dioxide emissions from railway traffic
are due to railway yard operations, the share of passenger traffic is only 16 %, and
the share of goods traffic, close on 60 % of the total emissions.
Table 58. Total emissions from railway traffic in Kymenlaakso in 2000.
Emissions to air (t/a) Electricity
Purpose of the journey CO
2
SO
2
NO
x
CO HC Particles (MWh/a)
Goods traffic 5 393 8.0 45.9 8.6 2.7 1.8 24 638
Passenger traffic 1 498 2.8 3.3 1.5 0.2 0.4  9 379
Railway depots 2 526 1.0 31.8 10.1 4.4 3.1
Total 9 417 11.7 81.1 20.2 7.3 5.4 34 017
2.8.5 Maritime traffic
The seaport of Kotka is one of the largest cargo ports in Finland. In 2000, a total of
6.9 million tons of goods passed through the port of Kotka, and 4.3 million tons,
through the port of Hamina (National Maritime Administration 2003). Both ports
are important export ports for the forest industry. In recent years, the transit
transports from Russia have also grown into an important field of transports. The
share of transit transports of the imports and exports in the port of Kotka was about
25 %, and in Hamina, they made up about 20 % of imports and 18 % of exports in
2000 (Table 59). In the same year, the port of Kotka handled about 51 % of all transit
transports in Finland, and the port of Hamina, about 24 % (National Maritime
Administration 2003).
Table 59. Imports, exports and transit traffic of the ports of Kotka and Hamina in 2000.
Imports and exports (t/a) Transit traffic (t/a)
Port Import Export Import Export
Hamina 856 388 2 655 966 208 231 591 870
Kotka 1 454 433 3 692 054 498 476 1 232 802
Total 2 310 821 6 348 020 706 707 1 824 762
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The emissions from maritime traffic were estimated using a calculation system for
waterborne traffic, Meeri (VTT 2003d). The emissions from the port are defined as
including all emissions by ships within the harbour area when in motion or berthed,
and in connection with departures or arrivals, emissions occurring during 20 minutes
in the harbour entrance. The emissions from ships are divided into passenger ships
and freighters. A considerably larger number of freighters than passenger ships
dock in these ports. Table 60 presents the number of dockings by passenger and
freight ships in the ports of Kotka and Hamina, and the ensuing emissions.
Table 60. The total emissions from the ports of Kotka and Hamina, and the number of ships docking in them in 2000.
Emissions to air (t/a) Dockings
CO2 SO2 NOx CO HC Particles (number)
Passenger ships Kotka 282 0.8 5.8 0.5 0.2 0.14 125
Hamina 3 0.01 0.07 0.01 0.0 0.0 1
Freighters Kotka 12 209 115.9 274 20.5 8.1 5.0 1 899
Hamina 14 414 135.4 319 23.5 9.4 5.8 1 353
Total 26 908 252.1 599 44.5 17.7 11 3 378
In proportion to the tonnages transported and the number of ships, the emissions
from the port of Hamina are larger than those from the port of Kotka. In comparison
with Kotka, Hamina is visited by twice as many cargo ferries (i.e., RoRo-vessels),
which have high engine powers and speeds. Correspondingly, Kotka is visited by
three times as many dry cargo carriers as Hamina, which operate on one-fourth of
the engine power of cargo ferries. The total engine power of ships visiting Kotka
was thus smaller than of those visiting Hamina, and because the engine power
determines the emissions, the environmental load from the port of Hamina is thus
greater than that from Kotka (Mäkelä 2003).
In 2000, the share of transit transports of the quantity of goods passing through
the port of Kotka (in tons) was 25.2 %, and in the port of Hamina, 18.6 % (National
Maritime Administration 2003). The share of transit transports of the emissions from
the ports is obtained by multiplying the emissions from freight ships with the above-
mentioned percentages by port (Taulukko 61).
Table 61. Emissions from transit transports from the ports of Kotka and Hamina in 2000.
Emissions to air (t/a)
Port CO2 SO2 NOx CO HC Particles
Kotka 3 077 29.2 69.0 5.2 2.0 1.3
Hamina 2 681 25.2 59.4 4.4 1.8 1.1
Total 5 758 54.4 128.4 9.6 3.8 2.4
The Meeri calculation program does not take into account the special features of
individual ports, but assumes the same default values for all ports. Thus, the results
for individual ports are fairly rough and merely indicative. The number of visits to
the ports in the calculation program are also slightly different from those reported
by Statistics Finland (2001c). This does not, however, have a significant influence
on the results of the calculation.
2.8.6 Emissions from all transport modes
A summary of the emissions to air from traffic in Kymenlaakso by transport mode is
presented in Table 62.
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Table 62. Emissions to air from traffic in Kymenlaakso by transport mode in 2000.
Emissions to air (t/a)
CO2 N2O CH4 SO2 NOx CO HC Particles
Road traffic 401 394 40.6 63.1 10.4 3 493 9 277 1 279 110
Rail traffic 9 417 11.7 81 20 7 5
Maritime traffic 26 908 252.1 599 45 18 11
Total 437 719 40.6 63.1 274.2 4 173 9 342 1 304 126
Passenger traffic 255 816 37.4 60.0 12.6 1 929 9 151 1 219 76
Goods traffic 170 005 3.1 2.9 204.9 2 031 168 76 44
Transit transports 9 372 0.1 0.1 55.8 182 13 5 3
Total * 435 193 40.6 63.1 273.3 4 142 9 332 1 300 123
* The emissions from the railway depots are not included due to the lack of the necessary data for dividing them.
The passenger traffic in Kymenlaakso placed a clearly larger burden on the
environment than the goods traffic in 2000 (Figure 9). The carbon dioxide emissions
were slightly larger for passenger than for goods traffic. In many other emissions,
the difference was many times larger. Only the nitrogen oxide emissions were
approximately equal. The share of actual transit transports in the emissions from
road traffic were small. Transit transports are a significant factor only in the maritime
traffic, of which they make up one-fifth, thus contributing to a visible share of the
sulphur dioxide emissions.
The mileages generated in Kymenlaakso have grown from 1995 to 2000 by 10
%, and the fuel consumption has grown by 5 %, according to the calculations by
the VTT. The carbon dioxide emissions have increased in proportion to the fuel
consumption, but all other emissions have decreased except for nitrous oxide (N2O).
Among the different transport modes, railway traffic caused the smallest
environmental load in Kymenlaakso in 2000 (Figures 10 and 11). Road traffic
dominates in all the emissions except for sulphur dioxide. The high sulphur content
of fuels used in maritime transports is reflected in the large share of this transport
mode in the sulphur dioxide emissions of transports as a whole.
Figure 9. Emissions to air from passenger, goods and transit transports in Kymenlaakso in
2000. PM = particulates.
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Figure 10. Emissions to air from traffic in Kymenlaakso by transport mode in 2000.
Figure 11. Carbon dioxide emissions from railway and maritime transports in Kymenlaakso in 2000.
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Environmental load from
products imported to
Kymenlaakso
3.1 Quantity of imports
The total material imports into Kymenlaakso in 2000, including both material flows
from aboard and from elsewhere in Finland, were about 12.2 million tons, including
1.1 million tons of fuels (Table 63). The use of electrical energy produced outside
the region was 3 620 GWh, constituting 49 % of the total electricity use in the region.
A major share of the imports consisted of industrial raw materials, fossil fuels,
consumer goods and food. In the present study, the estimation of the emissions
caused by the production of imported goods was limited to concern only fuels,
electrical energy and the largest industrial raw material flows, because the estimation
of emissions from smaller raw material flows and consumer goods is extremely
difficult, in some cases even impossible, due to the broad range of products and the
lack of data.
Furthermore, among the raw material flows of more than 100 000 tons, the
category “other organic basic chemicals” had to be left out, because the substances
included in this material flow could not be defined accurately. Another category
left outside the estimate was paper, board and cardboard waste, even though their
imports exceeded the limit of 100 000 tons. Taking into account these limitations in
scope, the estimate for the emission from the production of imported goods covered 86.2 % of
the total amount of imports (Table 63).
In terms of mass quantities, the largest imported material flow consists of
imported wood for production processes in the chemical wood processing industry.
In 2000, about 39 % of the total imports consisted of pulpwood, and a total of 60 %
consisted of wood and other worked wood products. Considerable quantities of
gravel and crushed rock were also imported to Kymenlaakso. The imports of fuels
were dominated by natural gas and coal.
The quantities of imported raw materials, fuels and electricity used by different
industrial categories (Tables 64 and 65) were identified in sub-project 2 of the
ECOREG project (Mäenpää and Mänty 2004). The industry classification used
adheres to the NACE classification. Fuel use by households is presented as a separate
category. The large amount of petrol used is clearly visible, as is also the use of fuels
for individual home heating.
The share of imported electricity in the different industrial categories was
defined as follows: Energy use by industry (2 849 GWh) is subtracted from the total
electricity consumption (7 302 GWh), providing the result of 4 453 GWh, which
consists of both imported electricity and electricity produced in the region for
communities and other industries. By dividing the share of imported electricity (3
620 GWh) with the amount of community electricity production (4 453 GWh), we
obtain a share of imported electricity of 81.3 %. This proportion was applied when
calculating the share of imported electricity for all industrial categories.
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Table 63. Raw materials imported into Kymenlaakso (above 100 000 tons per year) and imports of fuels and electricity in
2000 (Mäenpää and Mänty 2004).
Material flow Tons Share of total imports (%)
Total imports 12 193 000 100
Major material flows (more than 100 000 t)
Spruce log 596 823 4.8 %
Pine pulpwood 1 636 802 13.3 %
Spruce pulpwood 2 263 507 18.3 %
Deciderous pulpwood 919 945 7.4 %
Wood, worked 624 816 5.1 %
Wood chips and wood waste 1 314 112 10.7 %
Waste paper and board* 142 884 1.2 %
Chalk and dolomite 208 348 1.7 %
Crushed stone and gravel 1 349 907 10.9 %
Clay and kaolin 508 199 4.1 %
Other organic basic chemicals* 175 854 1.4 %
Lime 131 870 1.1 %
Largest raw material flows in total 9 873 065 80 %
Fuels
Coal 304 517 2.5 %
Natural gas, liquified or gaseous 453 284 3.7 %
Fuel peat 11 129 0.1 %
Petrol, including kerosine 67 419 0.5 %
Diesel oil 61 519 0.5 %
Heavy fuel oil 55 181 0.4 %
Light fuel oil 139 046 1.1 %
Liquified petroleum gas 438 0.004%
Waste oil 981 0.008%
Fuels in total 1 093 515 8.9 %
Largest raw material flows and fuels in total 10 966 580 88.8 %
Total raw material flows and fuels included in the inventory 10 647 842 86.2 %
Imported electricity 3 620 GWh
* Not included in the inventory.
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Table 64. Distribution of imported fossil fuel and electricity use among the industrial categories in Kymenlaakso in 2000 (Mäenpää and Mänty 2004).
Fuels (t/a)
NACE Industrial category Liquified Petrol Diesel Light Heavy Waste Coal Natural Peat Electricity
petroleum oil fuel oil fuel oil oil gas (GWh)
gas
01 Agriculture 3 933 729 57 135 17.6
02 Forestry 2 935
14 Mining and quarrying 221 1 1 130 1.4
15 Manuf. of food products and beverages 109 5 24 1 025 4 011 49.8
17 Manuf. of textiles 6 3 403 2
20 Manuf. of wood and wood products 9 42 44 2 070 1 653 28.8
21 Manuf. of pulp, paper, etc. 93 7 4 822 8 319 94 402 344 588 9 133 2 910.9
22 Publishing, printing, etc, 36 3 4 10.8
23- 25 Manuf. of coke, refined petroleum 7 18 68 461 8 740 175.3
products, etc.
26 Manuf. of non-metallic mineral products 132 4 26 244 525 981 8 779 26 654 83.2
27, 28 Manuf. of basic metals and fabricated 41 79 143 201 774 14.8
metal products
29 Manuf. of machinery and equipment 25 48 87 122 364 18.2
30-33 Manuf. of electrial equipment, etc. 1 1 2 3 10 1.2
34, 35 Manuf. of transport equipment 5 10 19 26 48 2.5
36, 37 Other manufacturing, recycling 25 3 7 30 1
40 Electricity, gas and water supply 26 249 286 915 201 188 51 010 627 12.7
45 Construction 10 857 6.4
50-52 Wholesale and retail trade 11 064 24 484 3 880 34 6.7
55 Hotels and restaurants 5 988 239 219 244 2.9
60-64 Transport and communication 53 146 7 980 9355 292 325 31.5
65-67 Financial intermediation 13 506 2 352 179 117 1.9
70 Real estate services 5 591 163 449 12 30.7
75 Public administration and defence, 22 152 1 464 110 127 10.4
compulsory social security
80-99 Other services 26 218 4 566 347 226 3.8
Private households 66 946 7 695 24 421 148 199 149 195.6
Total 438 67 419 61 519 139 046 55 181 981 304 517 443 987 11 129 3 620
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Table 65. Distribution of the largest imported raw material flows among the industrial categories in Kymenlaakso in 2000 (Mäenpää and Mänty 2004).
Industrial raw materials (t/a)
NACE Industrial category Spruce log Pine Spruce Deciderous Worked Wood Crushed Kaolin Dolomite Lime
pulpwood pulpwood pulpwood wood chips and stone
wood waste and gravel
01 Agriculture 5 972
14 Mining, etc. 6 758
15 Manuf. of food... 1497
20 Manuf. of wood… 538 252 7 3 513
21 Manuf. of pulp… 58 571 1 636 802 2 263 507 919 945 615 771 1 296 185 314 345 197 018 6 338
23- 25 Manuf. of coke… 145 386 115 447
26 Manuf. of non-metallic… 10 272 7 503 48 468 3 861 8 676
27, 28 Manuf. of basic metals… 4
29 Manuf. of machinery… 7
34, 35 Manuf. of transport.… 2
36, 37 Other manuf., recycling… 32
40 Electricity, gas … 4 110
45 Construction 9 024 1 335 646 1 409
Total 596 823 1 636 802 2 263 507 919 945 624 816 1 314 112 1 349 907 508 199 208 348 131 870
3.2 Environmental loads from the production of
imported goods
The emissions from the production phase of products imported into Kymenlaakso
were calculated using a life cycle assessment tool, the KCL-ECO 3.02 computer
program. The system was developed by the Finnish Pulp and Paper Research
Institute primarily for use in the forest industry (KCL 2004). The basic idea of the
program is to combine the material and energy consumptions of the entire product
system or some sub-chain in it, and the emissions caused by them, using modules
and flows between them. The results of the calculations can be reported as different
kinds of flowcharts and reports. The flowchart for imports into Kymenlaakso is
presented in Annex 4.
The central modules in the inventory are the local business operations (Figure
12). The material and energy flows of the imports, and their emissions, are connected
to each industry module, which can be produced as output in the KCL-ECO
flowcharts by industrial category or in sum (Figure 12 and Annex 4).
The emission data for the production of imported materials, and the processes
included in them, were obtained from publicly available databases or previous
studies by the Finnish Environment Institute (Table 66). The emission data for all
raw materials were not available, so for some of these, appropriate substitute data
were used. For example, as data were lacking for the modules for worked wood
products and wood chips and wood waste, we took into account the growth and
cuttings of their basic raw material, i.e., wood (as average values for the modules
for pine pulpwood, spruce pulpwood and birch pulpwood). In this context, it is
important to note that the environmental load from imports only includes the emissions
from selected raw materials and electricity, but not, for example, the transportation of these
products to Kymenlaakso.
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Figure 12. General chart of the definition of environmental loads from imports
into Kymenlaakso.
Table 66. Emission data sources for the production of materials and substances produced elsewhere and imported into Kymenlaakso, and the processes
included in them.
Module Unit processes Data Source
from year
Wood growth (pine) Use of fertilisers 1989 KCL EcoData
Wood growth (spruce) Use of fertilisers 1989 KCL EcoData
Wood growth (birch) Use of fertilisers 1989 KCL EcoData
Spruce log Fuel use by forestry machinery, construction of forest roads, forestry operations 1998 KCL EcoData
Pine pulpwood Fuel use by forestry machinery, construction of forest roads, forestry operations 1998 KCL EcoData
Spruce pulpwood Fuel use by forestry machinery, construction of forest roads, forestry operations 1998 KCL EcoData
Birch pulpwood Fuel use by forestry machinery, construction of forest roads, forestry operations 1998 KCL EcoData
(deciderous pulpwood)
Wood, worked Average of the modules for pine pulpwood, spruce pulpwood and birch pulpwood. 1998 KCL EcoData
Includes also the average of the growth modules for pine, spruce and birch.
Does not include data on working.
Wood chips and wood waste Average of the modules for pine pulpwood, spruce pulpwood and birch pulpwood. 1998 KCL EcoData
Includes also the average of the growth modules for pine, spruce and birch.
Does not include data on sawing.
Chalk and dolomite Raw materials, production, energy use and infrastructure for production of dolomite. 2003 Ecoinvent v1.0
Crushed rock and gravel Quarrying and mining. 2003 Vares 2003
Clay and kaolin Raw materials, production, energy use and infrastructure for kaolin production. 2000 Ecoinvent v1.0
Lime Production of lime 1996 KCL EcoData
Coal Coal mining in Eastern Europe. Includes consumption of electricity, heat and diesel. 1990-2002 Ecoinvent v1.0
Natural gas Gas exploration and production on land. Also includes 6 000 km of pipeline transport. 2001 Ecoinvent v1.0
Fuel peat Emissions from peat production areas, including machinery and transports. 1999 SYKE, Leijting 1999
Petrol, including kerosine Drilling, transport and refining of crude oil, delivery of petrol to end-user. 2002 Fortum Oil and
Gas Oy 2002
Diesel oil Drilling, transport and refining of crude oil, delivery of diesel to end-user. 2002 Fortum Oil and
Gas Oy 2002
Heavy fuel oil Drilling, transport and refining of crude oil, delivery of heavy fuel oil to end-user. 2002 Fortum Oil and
Gas Oy 2002
Continues on the next page.
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The inventory data in publicly available databases include a large number of
different kinds of emissions. The following tables, however, only present the
emission variables that were also collected in the local emission inventory for
Kymenlaakso (Tables 67 and 68).
Table 67. Emissions to air from the production of raw materials and electricity imported for use in the different industrial
categories in Kymenlaakso in 2000.
Emissions to air (t/a)
NACE Industrial categories CO2 NOX N2O SO2 CH4 (NM)HC CO Partic. (NM)VOC
01 Agriculture 4 818 11.6 0.11 8.0 3.8 20.2 0.9 96.8 0.2
02 Forestry 660 2.6 1.2 0.7 0.3 0.07
14 Mining and quarrying… 648 2.0 0.01 1.1 0.3 1.6 0.2 0.11 0.05
15 Manuf. of food … 12 178 27.2 0.28 26.6 33.3 57.6 4.4 27.3 7.2
17 Manuf. of textiles 585 1.5 0.01 1.7 2.8 2.3 0.4 0.2 0.7
20 Manuf. of wood… 12 771 63.1 0.16 17.9 15.2 44.4 60.2 5.7 3.0
21 Manuf. of pulp… 902 064 2500.4 17.00 2 064.2 3 499.9 3 498.5 1 208.1 3 491.5 633.8
22 Publishing… 2 186 4.1 0.06 3.4 2.0 12.5 0.1 0.5 0.01
23- 25 Manuf. of coke… 159 882 346.9 1.03 281.0 311.5 208.9 61.4 36.3 31.7
26 Manuf. of non-metallic… 46 743 114.8 0.48 132.9 276.6 97.0 34.2 80.7 50.4
27, 28 Manuf. of basic metals… 3 453 7.4 0.08 6.9 7.4 30.0 0.9 12.9 1.4
29 Manuf. of machinery... 3 900 7.8 0.10 6.8 5.5 21.1 0.6 1.0 0.7
30-33 Manuf. of electrical… 238 0.5 0.01 0.4 0.3 1.3 0.02 0.06 0.02
34, 35 Manuf. of transport … 542 1.1 0.01 0.9 0.8 2.9 0.08 0.13 0.09
36, 37 Other manuf., recycling… 212 0.4 0.01 0.3 0.2 1.2 0.02 0.05
40 Electricity, gas... 35 155 148.3 0.10 156.5 1 974.4 15.1 65.5 48.2 91.1
45 Construction 8 538 63.4 0.04 10.6 5.9 10.6 22.9 0.8 0.13
50-52 Wholesale and retail... 12 524 43.8 0.04 24.2 24.6 15.2 6.8 2.6 6.9
55 Hotels … 2 136 7.1 0.03 4.0 1.9 4.8 0.8 0.3 0.4
60-64 Transport… 19 841 69.1 0.19 34.0 7.6 50.2 2.3 3.5 0.6
65-67 Financial... 4 189 15.4 0.02 7.2 1.5 5.9 1.6 0.6 0.3
70 Real estate… 7 681 17.6 0.18 13.2 8.3 36.7 1.3 1.7 0.8
75 Public administ.…. 7 554 25.3 0.06 12.9 2.6 17.5 2.4 1.1 0.2
80-99 Other services 8 132 29.9 0.03 14.1 2.8 11.5 3.2 1.1 0.6
Private households 76 731 185.6 1.12 125.8 37.0 349.3 11.2 16.6 0.6
Total 1 333 360 3 697 21 2 956 6 226 4 517 1 490 3 830 831
Light fuel oil Drilling, transport and refining of crude oil, delivery of light fuel oil to end-user. 2002 Fortum Oil and
Gas Oy 2002
Liquified petroleum gas Production and transport of crude oil. Refining into butane. 1997 Fortum Oil and
Gas Oy 2002
Waste oil Drilling, transport and refining of crude oil, delivery of heavy fuel oil to end-user. 2002 Fortum Oil and
Gas Oy 2002
Electricity Production of electricity and fuels. Average of emissions from Finnish electricity 2000-2002 Heikkinen 2003
production in 2000-2002. and Laukka 2003
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Table 68. Emissions to waters from the production of raw materials and electricity imported for use in the different industrial
categories in Kymenlaakso in 2000.
Emissions to water (kg/a)
NACE Industrial categories P N BOD
01 Agriculture 0.90 32 302
02 Forestry 3
14 Minining and quarrying, other than energy 0.05 3
15 Manufacture of food and beverages 1.96 54 978
17 Manufacture of textiles 0.08 2 91
20 Manufacture of wood and wood products 1.11 21 566 373
21 Manufacture of pulp, paper and paper products 140.37 124 310 146 248
22 Publishing and printing 0.40 11
23- 25 Manufacture of coke, refined petroleum products, etc. 9.95 280 29 585
26 Manufacture of non-metallic mineral products 4.84 125 15 215
27, 28 Manufacture of basic metals and fabricated metal... 0.57 16 175
29 Manufacture of machinery and equipment 0.69 19 82
30-33 Manufacture of electrical and optical equipment 0.04 1 2
34, 35 Manufacture of transport equipment 0.09 3 11
36, 37 Other manufacturing, recycling 0.04 1
40 Electricity, gas and water supply 6.91 145 18 437
45 Construction 0.25 21 23
50-52 Wholesale and retail trade 0.41 64 876
55 Hotels and restaurants 0.53 22 49
60-64 Transport, storage and communication 1.73 137 66
65-67 Financial intermediation 0.28 28 40
70 Real estate, renting and business activities 1.17 39 101
75 Public administration and defence, compulsory social… 0.61 45 25
80-99 Other services 0.53 53 78
Private households 7.53 337 45
Total 181 147 317 212 805
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Total results of the inventory
Conducting the very comprehensive inventory stage of the regional environmental
analysis of Kymenlaakso required numerous estimates, calculations and statistical
investigations. We have attempted to document in this report the entire work process
as transparently as possible. Already at the very beginning of the project, the target
was set to ensure that the updating of the inventory would be possible using the
principles set out in the present report. The aim is to utilize the inventory in the
eco-efficiency evaluation and monitoring process of the ECOREG project so that
the regional environmental analysis, conducted every five years, includes a
comprehensive emission inventory, and some emission variables are used as so-
called annually monitored indicators (see Part 3).
The results of the regional inventory, calculated by activity sector, are presented
both in sum total and by activity sector (Tables 69 and 70). The inventory includes
emissions generated during one year. At the present stage, the year 2000 used in
the environmental analysis can be considered a reference year, with which the results
for the following years can be compared. Even though it was not yet possible to
make comparisons and evaluations of the development trend, the inventory
provides a good overview of the structure of the environmental loads in the region,
and the roles of different activity sectors in generating different emissions.
Decreases in the environmental loads in Kymenlaakso should not be achieved
at the expense of other regions, and thus it is important to include in the inventory
the environmental burdens resulting from imports. The calculation of the
environmental loads resulting from imports, however, requires an extensive material
flow analysis. Thus, the evaluation of the share of total imports cannot be updated
until new results are available on the material flows in the region. Instead, it is
possible to make smaller, industry-specific analyses, if data on material use in the
industrial category can successfully be obtained from the companies themselves.
In the present study, only part of the material flows of imports could be taken into
account, as the production data for many products were lacking. From the
perspective of improving the regional environmental analysis method, it would be
necessary to conduct a more comprehensive inventory analysis on the imported
share in the future. In spite of its shortcomings, the results obtained on the
environmental loads from imports can be used, with some reservations, as a point
of comparison in later investigations.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○4
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72 The Finnish Environment 697en
Table 69. Local emissions to air by activity sector in Kymenlaakso in 2000, and emissions from the production of imported products by main industry category.
Local emissions to air in Kymenlaakso (t/a)
Activity sector CO2 NOX N2O SO2 CH4 HC CO Partic. (NM)VOC NH3 CFC
Agriculture 130 476 411 454 28 2 437 120 1 188 39 644
Forestry 9 307 117 4 10 1 70 204 11
Peat production 1 713 24 1 2 0.09 4 9 3
Land extraction 9 251 50 7 8 54 25
Industry 1 507 592 4 810 80 2 039 5 216a) 2 369 836 693
Communities 943 123 1 936 36 1 558 3 823 5 034 792 2 148 5.6
Traffic 437 720 4 173 41 274 63 1 304 9 342 126
Other activities 21 414 39 0.3 2 80 0.06 3 0.04
Total 3 060 595 11 558 616 3 919 11 630  1 499 18 199 1 810 2 866 644 5.6
Emissions to air from imports (t/a)
CO2 NOX N2O SO2 CH4 HC CO Partic. (NM)VOC NH3 CFC
Agriculture 4 818 12 0.1 8 4 20 1 97 0.2
Forestry 660 3 1 1 0.3 0.1
Industry 1 145 402 3 077 19 2 544 4 156 3 979 1 371 3 656 729
Electricity 35 155 148 0.1 156 1 974 15 66 48 91
Construction 8 538 63 0.04 11 6 11 23 1 0.1
Transport and communications 19 841 69 0.2 34 8 50 2 4 1
Private households 76 731 186 1 126 37 349 11 17 1
Other services 42 216 139 0.4 76 42 92 16 7 9
Total 1 333 360 3 697 21 2 956 6 226 4 517 1 490 3 830 831
Local emissions and emissions from
imports in total 4 393 956 15 255 637 6 875 17 856 6 016 19 688 5 639 3 697 644 5.6
a) 96.4 % of the methane emissions are generated in industry landfills.
Table 70. Local nutrient loads to waters in Kymenlaakso, and emissions from the production of imported products in 2000.
Emissions to waters (t/a)
Activity sector P N BOD NH4
+
Agriculture 137 1 166 66
Forestry 7 67
Fish farming 3 27
Peat production 0.3 10 4
Industry 40 381 2 298
Communities 15 555 438 357
Sub-total 203 2 207 2 802 361
Imports 0.2 147 213
Total 203 2 354 3 015 361
In the region of Kymenlaakso, industry is the largest contributor to greenhouse gas emissions
and acidifying emissions to air. This is not a surprising result, as Kymenlaakso is a
region dominated by heavy industries. The largest production plants are located in
industrial clusters in Anjalankoski, Kotka, Kouvola and Hamina (Figure 13).
About half of the carbon dioxide emissions arise from the use of fossil fuels in
industry. Energy production in communities and individual building heating
accounts for one-third of the total carbon dioxide emissions. The total share of fuel
use by traffic was 14 %, with road traffic accounting for the major share. A share of
four per cent originated from the soil and machinery in agriculture (Figure 14).
Other important greenhouse gases include methane (CH4) and nitrous oxide (N2O).
Methane emissions are generated as a result of anaerobic fermentation in landfills,
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as well as in the treatment of waste and sewage, and in the digestive tracts of
agricultural livestock. In Kymenlaakso in 2000, the share of methane emissions from
agriculture was smaller than that from industrial and municipal landfill sites (Figure
14). The nitrous oxide emissions from agriculture originate in manure management
processes, and in the fertilisers, manure and sludge applied to the soil. Their share
of the total emissions from the region was almost ¾. The remaining quarter of the
emissions was distributed among industry, communities and traffic.
Figure 13. The share of CO2 generated in industry, and the location of point-source CO2
emitting operations requiring a permit by size category in 2000.
Figure 14. Distribution of greenhouse gas emissions by activity sector in Kymenlaakso in 2000.
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Industry is responsible for about half of the acidifying emissions, both in terms
of nitrogen oxides and sulphur dioxide (Figure 15). For sulphur dioxide emissions,
the energy production in communities is almost as important as the energy
production by industrial categories. The use of sulphur-rich fuels in sea traffic is
visible as a small (7 %) share. The nitrogen oxide emissions of the traffic sector are
36 % of the total emissions. Even agriculture has a discernible share due to farm
tractors and other machinery.
Agriculture and forestry are the main sources of non-point emissions to waters in the
Kymenlaakso region. Of these two, the role of agriculture is considerably larger.
Agriculture accounts for 54 % of the total nitrogen load into waters, and 68 % of the
total phosphorus load (Figures 16 and 17). The most extensive cultivated fields are
located in central Kymenlaakso (Figure 16).
Figure 15. Distribution of acidifying emissions by activity sector in Kymenlaakso in 2000.
Figure 16. The contribution of agriculture to nitrogen and phosphorus loads in Kymenlaakso,
and emission levels to waters by municipality in Kymenlaakso in 2000.
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Although agriculture does dominate the nutrient loads, point-source
phosphorus and nitrogen emissions are also caused by wastewaters from industry
and communities (Figure 17). Industry is responsible for one-fifth of the phosphorus
emissions and approximately an equal share of the nitrogen emissions. Phosphorus
removal from community wastewaters serves to reduce their phosphorus load. The
emissions from industry and communities are located in the surroundings of the
largest towns, Kotka and Kouvola. The BOD loads from wastewaters are presented
in Figure 18. Fish farming also causes point-source nutrient emissions, which are
discernible as small shares in the total emissions.
Figure 17. Nutrient loads to waters by activity sector in Kymenlaakso in 2000.
Figure 18. BOD loads from industrial and community wastewater treatment plants in
Kymenlaakso in 2000.
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The results presented above were based on the emissions caused by activity
sectors within Kymenlaakso. The relative share of the atmospheric emissions from the
production stage of products imported into Kymenlaakso, in proportion to the combined
results for local activities and imports, varied by emission category (Figure 19). In this
context, only emissions to air are considered, because the information on emissions
to waters from imports is inadequate for comparisons. For example, there is no
information on emissions from agriculture and communities.
The share of local emissions in Kymenlaakso of the total carbon dioxide
emissions – from both imports and local production – was 70 %, whereas that of
hydrocarbons was only 25 %. The production of fuel oils increases the hydrocarbon
emissions of the imports. The particulate emissions of imports are mainly due to
the production of dolomite. On the other hand, 80 % of the sulphur dioxide
emissions from imports are due to the production of electricity and natural gas.
When comparing the results for the environmental load from imports with
that generated locally in Kymenlaakso, it is important to keep in mind that the
imports here do not include all imported products. The environmental impacts of
imports are compared with the corresponding impacts in Kymenlaakso in Part 2 of
the present report.
Figure 19. Distribution of the emissions to air between local emissions in Kymenlaakso and
emissions caused by imports.
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Annex 1. Categories in the European industrial classification NACE
01 Agriculture, hunting and related service activities
02 Forestry, felling and related service activities
05 Fishing, operation of fish hatcheries and fish farms; service activities incidental to fishing
10 Mining of coal and lignite; extraction of peat
11 Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction, excluding surveying
12 Mining of uranium and thorium ores
13 Mining of metal ores
14 Other mining and quarrying
15 Manufacture of food products and beverages
16 Manufacture of tobacco products
17 Manufacture of textiles
18 Manufacture of wearing apparel; dressing and dyeing of fur
19 Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and footwear
20 Manufacture of wood and of products of wood and cork, except furniture; manufacture of articles of straw and
plaiting mater
21 Manufacture of pulp, paper and paper products
22 Publishing, printing and reproduction of recorded media
23 Manufacture of coke, refined petroleum products and nuclear fuel
24 Manufacture of chemicals and chemical products
25 Manufacture of rubber and plastic products
26 Manufacture of other non-metallic mineral products
27 Manufacture of basic metals
28 Manufacture of fabricated metal products, except machinery and equipment
29 Manufacture of machinery and equipment
30 Manufacture of office machinery and computers
31 Manufacture of electrical machinery and apparatus
32 Manufacture of radio, television and communication equipment and apparatus
33 Manufacture of medical, precision and optical instruments, watches and clocks
34 Manufacture of motor vehicles, trailers and semi-trailers
35 Manufacture of other transport equipment
36 Manufacture of furniture; manufacturing n.e.c.
37 Recycling
40 Electricity, gas, steam and hot water supply
41 Collection, purification and distribution of water
45 Construction
50 Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of automotive fuel
51 Wholesale trade and commission trade, except of motor vehicles and motorcycles
52 Retail trade, except of motor vehicles and motorcycles; repair of personal and household goods
55 Hotels and restaurants
60 Land transport; transport via pipelines
61 Water transport
62 Air transport
63 Supporting and auxiliary transport activities; activities of travel agencies
64 Post and telecommunications
65 Financial intermediation, except insurance and pension funding
66 Insurance and pension funding, except compulsory social security
67 Activities auxiliary to financial intermediation
70 Real estate activities
71 Renting of machinery and equipment without operator and of personal and household goods
72 Computer and related activities
73 Research and development
74 Other business activities
75 Public administration and defence; compulsory social security
80 Education
85 Health and social work
90 Sewage and refuse disposal, sanitation and similar activities
91 Activities of membership organizations
92 Recreational, cultural and sporting activities
93 Other service activities
95 Private households with employed persons
97 Extra-territorial organizations and bodies
99 Industry unknown
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Annex 2. Formulae
Formula 1.
Phosphorus in manure = number of livestock by species * phosphorus kg/a per species
Nitrogen in manure = number of livestock by species * nitrogen kg/a per species
Share of volatile ammonia =
(nitrogen evaporated in manure handling + nitrogen evaporated in grazing) * nitrogen in manure
(amount of nitrogen indoors + amount of nitrogen to pasture)
Formula 2.
Amount of silage in Kymenlaakso = number of cattle in Kymenlaakso * total harvest of silage
number of cattle in Southeast Finland in Southeast Finland
Formula 3.
Phosphorus and nitrogen leaching from forestry operations:
Emission for 1993 (g/ha) – emission for 2005a) b) (g/ha) * 8 year + emission for 1993
13 years (between 1993 and 2005)
 g/ha/a emission in Southeast Finland * area of forestry land in Kymenlaakso (ha)
a) = water protection measures effective only in improvement ditching
b) = water protection comprehensive also in felling
Formula 4.
Emissions from peat production areas in production in Kymenlaakso (t/a) =
peat production areas in production in Kymenlaakso (ha)  * emissions from peat production
peat production areas in production in Eastern Finland (ha) areas in production in Eastern Finland
The emissions from areas under preparation and not in production were calculated correspondingly
using the procedure above.
Formula 5.
Emissions from peat production areas in production in Kymenlaakso (t / production season):
Environmental load caused by an area with specific water treatment method during production season
and alluviation period (200 days) =
load coefficient for the emission (g/ha/day) * area of treatment method (ha) * 200 days
Total load = total of loads from different water treatment areas
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Annex 3. Emission coefficients used in calculating flue gas emissions
from small-scale wood combustion
Substance Emission factor (mg/MJ) Combustion method
TSP 1 000 1) Sauna ovens, fireplaces and ovens; old equipment
300 1) Heat-storing fireplaces, old equipment
694 3) Traditional wood boiler
30 – 1 0006) Wood stoves
1 6477) Conventional wood burning stoves (not air tight)
9677) Conventional wood burning stoves (air tight)
PM10 30 – 1 000
6) Wood stoves
1 553 Conventional wood burning stoves (not air tight)
910 Conventional wood burning stoves (air tight)
PM2,5 29 – 960
6) Wood stoves
1 5537) Conventional wood burning stoves (not air tight)
9107) Conventional wood burning stoves (air tight)
CO 1 1002) Manually fed furnaces < 400 kW
6 7007) Conventional wood burning stoves (not air tight)
7 7247) Conventional wood burning stoves (air tight)
1 859 – 2 0748) Prefabricated domestic heating stove
NO2 150
2) Manually fed furnaces < 400 kW
97 3) Traditional wood boiler
93.77) Conventional wood burning stoves (air tight + not air tight)
60 – 1559) Prefabricated domestic heating stove
SO
2
604) Small-scale wood combustions
13.8 Conventional wood burning stoves (air tight + not air tight)
Hydrocarbons 1 780 – 2 0109) Manually fed furnaces < 400 kW
VOC 2 7783) Traditional wood boiler
2 3767) Conventional wood burning stoves (not air tight)
1 4267) Conventional wood burning stoves (air tight)
Bentzene 1 3005) Birch wood combustion in wood stove
NB! The emission coefficients are based on the assumption that the fuel used is chopped birch logs (Caloric value 4.15 kWh/kg, at 20 % humidity 1 700 kWh/m3)
1) VTT 2003. Impact of greenhouse gas reduction on other air pollutants. VTT Research Notes 2186. 69s. http://www.inf.vtt.fi/pdf/ (In Finnish)
2) OPET 2001. Modern wood furnaces. Biomass for district heating. A presentation in a seminar in Jyväskylä, Nov. 21, 2001.
3) Tullin. 2001. Biomass Combustion Testing and Research in Sweden. A presentation in a seminar in Jyväskylä, Nov. 21, 2001.
4) Hammo, S. 2003. Personal communication, Sept. 16, 2003. Lappeenranta University of Technology, Lappeenranta.
5) Hedberg et al. 2002. Chemical and physical characterization of emissions from birch wood combustion in a wood stove. Atmosperic Environment, 36,
pp.4823-4837. In: Hellén, H. 2003. Impacts of small-scale combustion on concentrations of benzene and other hydrocarbons. Seminar presentation at the
28th Annual Air Protection Seminar, Aug. 19 – 20, 2003, Lappeenranta. (In Finnish)
6) Karvosenoja, N. 2001. Primary particulate emissions from stationary combustion processes in Finland. (Suomen primäärihiukkaspäästöt kiinteistä poltto-
lähteistä). The Finnish Environment Institute Mimeograph 232. Finnish Environment Institute, Helsinki.
7) CCME 2002. Discussion document. Options to Reduce Emissions from Residental Wood Burning Appliances. July 30, 2002. Canadian Council of Ministers of
the Environment (CCME).
8) Oravainen, H. 1996. Development of fireplace systems using wood – Final report. Bioenergy Research Programme 302. VTT-Energy, Jyväskylä. Publication
ENE33/T0040/96. (In Finnish)
9) YTV 2003. Small-scale combustion in the Helsinki Metropolitan Area. www.ytv.fi/ilmanl/aineisto/pienpoltto.pdf. (In Finnish)
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Annex 4. Flowchart of production stages for imports
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Introduction
One of the aims of the ECOREG project has been to find the indicators that best
describe the environmental impacts in the Kymenlaakso region. Selecting indicators
is often problematic: What are the grounds for selection, and who should make the
choice? What should the indicators describe? The impact assessment of environmental
interventions in Kymenlaakso presented here is a systematic method for analysing
the activities contributing to environmental change and burdens in the region, the
environmental loads ensuing from these activities, and the impacts on the
environment of these load factors. The impact assessment methodology used in the
present study was developed by Seppälä (1997, 1999). At the regional level the method
was first used when studying the activities and factors generating environmental
loads in Southern Savo (Tenhunen and Seppälä 2000). As a result of the impact
assessment, we can identify the greatest environmental interventions (emissions,
resource extractions and land use) and the most critical environmental impacts. This
information is a basic condition for evaluating and selecting the appropriate indicators
for describing environmental impacts in Kymenlaakso.
Many factors influence the choice of environmental indicators. When speaking
of environmental indicators, we need information, for example on the activities
contributing to environmental burdens, and the emissions that they cause. One should
also be familiar with developments in the condition of the local environment. People
living in the region may also have quite different views on how environmental
conditions have developed, and what emissions and activities have contributed to
these developments.
There are research results and models that can be used to assess the
environmental impacts of emissions, but the state of the environment is influenced
by many other factors on which there are no measurements, and the effects of which
cannot be calculated in a straightforward manner. When selecting the indicators, one
should be capable of combining local expertise with the accumulated research on the
impacts of the environmental interventions. Furthermore, one needs to obtain the
subjective views of local decision makers and experts on the importance of different
environmental problems in the region studied. The assessment model for
environmental interventions combines the emission data obtained through
measurements and calculations, the assessments of local experts on the environmental
interventions, and the judgments of local decision makers on the severity of the
environmental problems in relation to one another (Figure 1).
Figure 1. The assessment model for
environmental change factors and
interventions creates the conditions for
selecting the appropriate indicators.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 1
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The problem structure of the
environmental impact assessment
The emissions defined in the emission inventory, and other environmental
interventions, are analysed using an impact assessment model based on decision
analysis and the methods used in life cycle assessment (Figure 2). In the model, the
environmental assessment problem is described as a hierarchical value tree (Figure
2). The task is to compare the relative importance of different activities as causes of
environmental impacts. The activities compared consist of the activity sectors in
the Kymenlaakso region (agriculture, forestry, industry, communities, rural and
holiday homes, traffic), which cause different kinds of emissions, land use effects
and impacts on resource depletion. Imports is included as an activity sector. The
activity sectors constitute the lowest level of the hierarchy. The emissions and other
interventions (e.g., environmental change due to land use) are placed on the next
level of the hierarchy, and they provide the input data for the environmental impacts.
The environmental problems, called here impact categories, describing the groups
of environmental effects constitute the third level of the hierarchy. Together, they
make up the total impact, which constitutes the highest level of the hierarchy.
The hierarchical structure of the model is based on a classification in which
the impact categories describing the environmental impact clusters are defined,
and the load factors compiled in the inventory are grouped into impact categories
on the basis of cause-effect relations (Annex 1). In life cycle assessment, the
environmental problem categories are referred to as impact categories. In the present
study, both terms are used interchangeably, depending on the context. Table 1
presents the emission data used in the model, which correspond to the inventory
conducted in Part 1 of the present report.
Table 1. The activity sectors and consequent emissions in 2000 used in the impact assessment model, grouped by
environmental problem category. The table also includes the emissions outside Kymenlaakso caused by imports.
Emission Agri- Forestry2) Communi- Rural and Industry3) Traffic Imports
(t/a) culture1) ties holiday homes
Climate change CO2 130 476 11 020 929 361 13 762 1 516 843 437 720 1 333 360
N
2
O 454 5 35 1 80 41 21
CH4 2 437 1 3 819 4 5 224 63 6 226
Stratospheric ozone CFC 4 2
depletion
Tropospheric NOX 411 141 1 878 58 4 859 4 173 3 697
ozone formation NMVOC 1 609 539 718 831
CO 1 188 213 3 344 1 690 2 422 9 342 1 490
Acidification SO2 28 12 1 508 50 2 045 274 2 956
NOX 411 141 1 878 58 4 859 4 173 3 697
NH3 644
Aquatic NOX 411 141 1 878 58 4 859 4 173 3 697
eutrophication NH3 644
NH
4
+(W) 4 357
P(W) 140 7 8 7 40 0.2
N(W) 1 193 77 486 69 382 147
Aquatic BOD7(W) 66 261 177 2 298 213
oxygen depletion NH4
+(W)   357     
1) Fish farming is included in agriculture 2) Peat production is included in forestry 3) Extraction of land resources is included in
industry.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○2
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91The Finnish Environment 697en
Figure 2. Structure of the impact assessment model for Kymenlaakso
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Assessment of the contributions
of the environmental interventions
to environmental problems
After the classification, the environmental interventions are made commensurable
within each impact category using characterisation factors. For example, the different
greenhouse gas emissions can be denoted in terms of CO2 equivalents using global
warming impact potential coefficients (GWP). The characterisation factors are
equivalency factors used in life cycle assessment, which have been defined on the
basis of the existing knowledge on the significance of different interventions in
each impact category. Table 2 presents the characterisation factors used in the impact
assessment model for climate change, tropospheric ozone formation, acidification,
aquatic eutrophication, and aquatic oxygen depletion. Using the characterisation
factors, a score for the damage caused by each of the activity sectors studied can be
calculated in each impact category. Characterisation factors for direct phosphorus
(P-tot(W)) and nitrogen (N-tot (W)) emissions to waters can be obtained by adjusting
the customary equivalency factors used in life cycle assessments using the
coefficients presented in Table 3 (Seppälä et al. 2004).
Table 2. The characterisation factors used in the impact assessment model.
Impact category Intervention Characterisation factor
(unit of impact category) (C in Formula 3)
Climate change 1) CO2 1
(CO
2
-equivalence) N
2
O 310
CH4 21
Tropospheric 2) NOx (as NO2) 0.727
ozone formation NMVOC 0.209
(POCP) CO 0.064
Acidification 3) SOx (as SO2) 0.01635
(H+-equivalence) NO
x
 (as NO
2
) 0.00639
NHy (as NH3) 0.02646
Eutrophication 4) NOx (as NO2) 0.015
(NP) NH
y
 (as NH
3
) 0.041
P-tot(W) 3.06 * adjustment 6)
N-tot (W) 0.42 * adjustment 6)
Aquatic oxygen depletion 5) BOD
7
(W) 1
(O2-equivalence) NH4
+(W) 4.57
Abbreviations used: POCP = Photochemical Ozone Creation Potential, NP = Nutriphication Potential, W = emissions to
water, CO
2
 = carbon dioxide (fossil), N
2
O = nitrous oxide, CH
4
= methane, SO
2
 = sulphur dioxide, NO
x
 = nitrogen oxides,
NO2 = nitrogen dioxide, NHy = reduced nitrogen compounds, NH3 = ammonia, NMVOC = non-methane organic hydrocar-
bons, CO = carbon monoxide, P-tot(W) = total phosphorus load to waters, N-tot(W) = total nitrogen load to waters,
BOD
7
 = biological oxygen demand, NH
4
+ = ammonium nitrogen.
Sources: 1) IPCC 1996, 2 and 3) Seppälä 1999, 4) Seppälä et al. 2004, 5) Seppälä and Tenhunen 2000
6) The adjustment is presented in Table 3.
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Table 3. Share of phosphorus and nitrogen available for algae in the total emission to water from the activity sector (Seppälä
et al. 2004).
Activity secton Share of total phosphorus Share of total nitrogen
available for algae available for algae
Agriculture 0.47 0.67
Forestry 0.30 0.20
Communities 0.40 0.90
Rural and holiday homes 0.80 0.80
Industry 0.31 0.53
A number of the environmental interventions defined in the impact assessment
model are of a more problematic kind. They do not involve quantitative estimates
and lack scientifically justifiable characterisation factors. For the impact categories
related to these factors, the calculation of impact category indicators is based on
subjective expert evaluations. Table 4 presents the evaluation made by a working
group of experts from the Southeast Finland Regional Environment Centre on the
causes of such load factors used in the model. Table 5 presents the weighting factors
given by the same experts in the impact categories of contamination of soil and
water resources, deterioration of local (urban) air quality, depletion of non-renewable
natural resources, loss of biodiversity, degradation of landscapes and cultural
environments, and loss of recreational values.
The weighting coefficients for interventions causing loss of biodiversity in Table
5 were not, however, produced by the above-mentioned working group. A working
group monitoring endangered species (Rassi et al. 2001) has defined percentage
shares for the contribution of different interventions to the endangerment of species.
The percentage shares for Kymenlaakso were derived from the percentage shares
for the entire country (Annex 3). Weighting factors can be derived directly from
these percentages by scaling the percentages to equal one.
Weighting factors are not needed for the impact categories of stratospheric
ozone depletion, environmental accidents, ecotoxicity, noise and odour (the
weighting factor equals one), because there is only one intervention in these
categories.
By defining weights describing the relative importance of different
environmental impact categories, we can obtain assessments of the total impacts of
different activity sectors and interventions. The total impacts of activity sectors are
calculated by multiplying the normalised impact category indicators with the
weighting factors for the impact categories, and by then adding up the sum total of
the products.
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Table 4. Evaluation by the working group of experts from the Southeast Finland Regional Environment Centre on the
contributions of different activity sectors to the non-quantifiable interventions (L in Formula 5).
Agriculture Forestry Communities Rural and Industry Traffic Total
holiday homes
TOX (Continuous emissions) 0,05 0,15 0,10 0,40 0,30 1,00
Environmental accidents 0,00 0,10 0,50 0,40 1,00
TOX (Landfills) 0,30 0,70 0,00 1,00
TOX (Contaminated soils) 0,20 0,60 0,20 1,00
Pesticides 0,95 0,05 1,00
Microbes 0,40 0,30 0,20 0,10 1,00
Nitrates 0,85 0,05 0,05 0,05 1,00
Chlorides 0,10 0,90 1,00
Fine particulates (PM10) 0,20 0,40 0,40 1,00
Particulates 0,30 0,20 0,50 1,00
(total suspended)
Ozone, O3 0,05 0,15 0,80 1,00
Gravel extraction 0,05 0,05 0,40 0,05 0,15 0,30 1,00
Peat extraction 0,05 0,05 0,90 1,00
Other land extraction 0,10 0,90 1,00
Fossil fuels 0,05 0,05 0,25 0,05 0,40 0,20 1,00
Rock excavation 0,50 0,20 0,30 1,00
Odour 0,20 0,10 0,40 0,30 1,00
Noise 0,30 0,70 1,00
Catching and hunting 0,30 0,70 1,00
Gathering and picking 0,40 0,60 1,00
Disturbance and traffic 0,10 0,30 0,20 0,15 0,05 0,20 1,00
Erosion of soil and bedrock 0,40 0,25 0,20 0,05 0,10 1,00
Building construction 0,05 0,60 0,10 0,25 1,00
Road construction 0,05 0,20 0,15 0,10 0,10 0,40 1,00
Construction on shorelines 0,20 0,50 0,20 0,10 1,00
Gravel extraction and mining 0,05 0,05 0,40 0,05 0,15 0,30 1,00
Changes in agricultural land use 0,70 0,20 0,05 0,05 1,00
Enclosure of open space 0,50 0,50 1,00
Forestry operations 1,00 1,00
Ditching and peat excavation 0,05 0,60 0,05 0,30 1,00
Water constructions 0,05 0,05 0,10 0,40 0,40 1,00
Desertification of the countryside 0,30 0,10 0,30  0,30  1,00
Table 5. Expert evaluations of the significance of different interventions as causes of environmental problems. The results are
presented as weighting factors for the interventions (p in Formula 5) in the impact categories for which science-based
characterisations are not available.
Impact category Intervention Weighting factor
Contamination of soil and water resources TOX (Landfills) 0,25
TOX (Contaminated soils) 0,35
Pesticides 0,05
Microbes 0,05
Nitrates 0,10
Chlorides 0,20
1,00
Continues on the next page.
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Deterioration of local air quality Fine particulates (PM10) 0,40
Particulates (total suspended particulates) 0,15
CO 0,05
NOX 0,20
SO2 0,10
NH
3
0,05
O3 0,05
1,00
Depletion on non-renewable resources Gravel extraction 0,40
Peat extraction 0,10
Other land extraction 0,05
Fossil fuels 0,15
Rock excavation 0,30
1,00
Loss of biodiversity Catching and hunting 0,01
Gathering and picking 0,01
Disturbance and traffic 0,00
Erosion of soil and bedrock 0,02
Building construction 0,04
Road construction 0,10
Construction on shores 0,02
Gravel extraction and mining 0,04
Changes in agricultural land use 0,02
Enclosure of open space 0,29
Forestry operations 0,30
Ditching and peat excavation 0,06
Water constructions 0,09
1,00
Degradation of landscapes and cultural environments Erosion of soil and bedrock 0,05
Building construction 0,20
Road construction 0,05
Construction on shores 0,10
Gravel extraction and mining 0,05
Changes in agricultural land use 0,15
Enclosure of open space 0,10
Forestry operations 0,15
Ditching and peat excavation 0,05
Water constructions 0,05
Desertification of the countryside 0,05
1,00
Loss of recreational values Disturbance and traffic 0,20
Erosion of soil and bedrock 0,05
Building construction 0,10
Road construction 0,05
Construction on shores 0,15
Gravel extraction and mining 0,05
Changes in agricultural land use 0,00
Enclosure of open space 0,00
Forestry operations 0,20
Ditching and peat excavation 0,10
Water constructions 0,10
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Valuation of the environmental
impact categories
The valuation was conducted on the basis of a workshop arranged in Kouvola in
May 2003. Here, a valuation task with instructions was given out (Annex 4), aiming
to elicit the weighting factors for the relevant environmental problem categories in
Kymenlaakso. In the task handed out at the workshop, the participants were asked
to select the environmental problem categories that they considered relevant from
the perspective of targeting environmental protection measures in Kymenlaakso.
The participants were asked to place the environmental impact categories in order
of priority. The valuation was facilitated using the following kind of question
framing: Do you consider it more important to reduce emissions causing climate
change in Kymenlaakso than to reduce emissions causing eutrophication in
Kymenlaakso? Before answering, the participants were instructed to acquaint
themselves with the descriptions and scopes of the environmental problems (Annex
1). The participants were instructed to valuate the environmental problems on the
basis of their perceived potential for damage. They were requested to take into
account, in their valuations, the extent, severity and duration of the environmental
impacts, as well as their reversibility. The valuation task was completed by a total of
34 participants of the workshop (Annex 2). Some of the respondents already handed
in the completed assignment during the workshop.
In analysing the results, weights were calculated for the environmental impact
categories on the basis of the rank order of environmental problems in each response
using a method known as the SMARTER technique (Edwards and Barron 1994):
(1)
in which wk = the weight of the attribute (environmental impact category) with the
ranking k, and K = the number of attributes (environmental impact categories)
provided by the respondent.
Figure 3 presents the mean weights calculated on the basis of the environmental
impact category weights in the responses.
In evaluating the environmental impacts of the production stage of imported
products, the mean weights for the environmental impact categories in Kymenlaakso
were used in the following impact categories: climate change, tropospheric ozone
formation, acidification, eutrophication and aquatic oxygen depletion.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○4
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Figure 3. The weights (wi in Formula 2) attributed by environmental decision makers/experts
in Kymenlaakso for the environmental problem categories (i) at the workshop in Kouvola.
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Calculation of the environmental
impact indicators
In the impact assessment model, the weighting factors of the environmental problem
categories were defined from the perspective of the conditions in Kymenlaakso,
and the possibilities to reduce environmental interventions in Kymenlaakso. On
the basis of multi-attribute value theory, this leads to a solution in which the impact
category indicator values for each activity sector are normalised using normalisation
factors calculated on the basis of the interventions in Kymenlaakso.
In the regional evaluation model, the damage scores, impact values (Va), for
the total impact indicator for activity sector a are calculated by multiplying the
normalised impact indicators by the weights for the impact categories, and then
adding up the sum of the products (Seppälä 1997, Seppälä 1999, Seppälä and
Tenhunen 2000).
(2)
in which wi = the weighting factor for impact category i,
Ii(a) = the indicator value for impact category i caused by activity
sector a and
Ni = the normalisation factor for impact category i calculated
using environmental interventions for Kymenlaakso.
Impact category indicators Ii (a) can be calculated for climate change (i=1),
stratospheric ozone depletion (i=2), tropospheric ozone formation (i=3),
acidification (i=4) and aquatic oxygen depletion (i=5), because emission estimates
and characterisation factors exist for these impact categories. For these impact
categories, the calculation is performed as follows:
(3)
in which Ci,j = the characterisation factor for intervention j in impact
category i (Table 2),
Loadi,j (a) = the emission amount of intervention j from activity
sector a (Table 1).
For example, if we add up the sum of all the climate change indicator values of all
the activity sectors in Kymenlaakso, we obtain the normalisation factor Nclimate change
for climate change in Kymenlaakso. The normalisation factors for climate change,
stratospheric ozone depletion, tropospheric ozone formation, acidification and
aquatic oxygen depletion can be calculated using the following formula:
(4)
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○5
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in which Loadi,j (Kymenlaakso) = the emission amount of intervention j in
Kymenlaakso in the impact category i.
When calculating the impact indicator result for aquatic eutrophication (i=6), we
take into account the share of the nutrient load that is available for algae, which is
different for the different activity sectors. This is why the normalisation factor
(Formula 4) for the impact category indicator result for eutrophication (Formula 3)
is calculated using an activity-sector-specific characterisation factor C6,j (a) (cf. Table
3). The normalisation factors for eutrophication are obtained by adding up the sum
of the sector-specific eutrophication results for Kymenlaakso.
For the other impact categories in the model, which do not have acceptable
estimates for quantities of environmental interventions or characterisation factors,
the normalisation factor Ni is scaled to equal one, and the impact category indicator
is calculated in the following manner (Seppälä and Tenhunen 2000):
(5)
in which pi,j = the weighting factor of intervention j in impact category i
(Table 5)
Li,j (a) = effective quantity of intervention j caused by activity sector a (Table 4).
The impact values of the quantity of intervention j caused by sector a, Loadj (a), are
calculated for climate change, stratospheric ozone depletion, tropospheric ozone
formation, acidification, and aquatic oxygen depletion in the following manner
(Seppälä 1997, Seppälä 1999, Seppälä and Tenhunen 2000):
(6)
In connection with eutrophication, the characterisation factor Ci,j is replaced in
formula 6 with C6,j(a). In connection with the other impact categories in the impact
assessment model, the total impact scores of Loadj (a)s are calculated using the
following formula (Seppälä and Tenhunen 2000):
(7)
The calculation equations presented above are based on multi-attribute value theory
(see, e.g., Winterfelt and Edwards 1986; Keeney and Raiffa 1976).
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Results
When selecting the best indicators to describe the environmental impacts in
Kymenlaakso, our primary interest is in the relative significance of the different
environmental interventions. Figure 4 and appendix 5 present the impact scores
calculated for the individual interventions used in the impact assessment model.
In order to demonstrate the results of the impact assessment calculation, the
multiplier 10 000 was applied in the model in order to allow the presentation of the
impact values as integers. If we divide the impact values presented in Figures 4-7
by 100, we can view the results of the impact assessment in percentage shares.
About fifteen environmental interventions gained clearly higher impact scores
than the others (Figure 4). These factors, at least, are worth considering for closer
inspection when developing and selecting indicators describing the ecological
sustainability of Kymenlaakso. The interventions used in the model are not necessarily
applicable in themselves as indicators, but they form the foundation for selecting
and elaborating the indicators. The impact assessment model describes the current
situation in Kymenlaakso, and current attitudes concerning the environmental issues
in the region. This is worth taking into account when interpreting the results. The
results of the model do not reflect new environmental impact categories arising in
the future, potential changes in values, or technological developments.
From the perspective of selecting indicators for ecological sustainability, it is
also useful to consider what the results of the impact assessment would look like if
we calculate the impact values for activity sectors and environmental problem
categories. Figure 5 presents the distribution of the environmental load from
different activity sectors among the environmental problem categories. When
considering the relevance of Figure 5, it is worth noting that the lengths of the bars
are equal to the mean weights attributed to the environmental impact categories
(Figure 3). The damage scores produced by the impact assessment are distributed
by activity sector (Figure 6) and environmental impact category provides some
pointers on how the number of indicators selected should be distributed among
activity sectors and environmental impact categories.
Figure 7 presents an analysis including the environmental impacts caused by
emissions from products imported into the Kymenlaakso region. The analysis of the
imports only deals with the impact categories of climate change, tropospheric ozone
formation, acidification, eutrophication and aquatic oxygen depletion, because
emission data were only available on these emissions in connection with the imports
to Kymenlaakso (Part 1, Chapter 3.2). The same characterisation and weighting factors
used for emissions within Kymenlaakso were applied in the calculations performed
on the emissions from the production stage of imported products. Actually, site-specific
factors should be used for emissions from imports, except in the case of emissions
causing global environmental impacts. Because the emissions from imports arise in a
great many different places, depending on the product, it is an impossible task to
define the “correct” factors. In this connection, we confine ourselves to illustrating
the order of magnitude of the environmental impacts from imports in relation to the
activity sectors within Kymenlaakso. The results in Figure 7 are normalised so that
the sum total of the impact scores for the different sectors equals 10 000.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○6
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Figure 4. Impact values calculated for the environmental interventions in Kymenlaakso using
the impact assessment model (the sum of impact values equals 10 000).
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On the basis of the impact assessment calculation conducted on the emission
data used in the present study, the environmental impacts from the production stage
of imported products are clearly greater than, e.g., the environmental impacts caused
by the emissions from traffic in Kymenlaakso. They are in the same order of magnitude
as the activity sectors causing the greatest environmental impacts within Kymenlaakso
(Figure 7).
Figure 5. Impact values calculated for the environmental impact categories using the impact
assessment model (the sum of impact values equals 10 000). Cf. Figure 3.
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Figure 6. Impact values calculated for the activity sectors in Kymenlaakso using the impact
assessment model (the sum of impact values equals 10 000).
Figure 7. Impact values for imports into the Kymenlaakso region and activity sectors within
Kymenlaakso as calculated using an impact assessment model including the impact
categories of climate change, tropospheric ozone formation, acidification, eutrophication,
and aquatic oxygen depletion (the sum of impact values equals 10 000).
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .104 The Finnish Environment 697en
 
Edwards, W. & Barron, F. H. 1994. SMARTS and SMARTER: Improved Simple Methods for
Multiattribute Utility Measurement. Organizational Behavior and Human Decision
Processes 60: 306 – 325 (1994).
IPCC 1996. Climate Change 1995. The Science of Climate Change. Contribution of Working
Group I to the Second Assessment Report of the Intergovernmental Panel on Climate
Change. Edited by J.T. Houghton , L.G. Meira Filho, B.A. Callander, N. Harris, A.
Kattenberg and K. Maskell. Cambridge University Press.
Keeney, RL. & Raiffa, H. 1976. Decision with multiple objectives: Preferences and value
tradeoffs. John Wiley & Sons, New York.
Rassi, P., Alanen, A., Kanerva, T. & Mannerkoski, I. (ed.) 2001. Endangered species in Finland
2000. II Monitoring Group for Endangered Species. Ministry of the Environment and
Finnish Environment Institute, Helsinki. (In Finnish)
Seppälä, J. 1997. Decision analysis as a tool for life cycle impact assessment. Finnish
Environment Institute, Helsinki. The Finnish Environment 123.
Seppälä, J. 1999. Decision analysis as a tool for life cycle impact assessment. In: LCA
Documents, Klöpffer, W. & Hutzinger, O. (Eds.), Vol 4. Eco-Informa Press, Landsberg.
Seppälä, J., Knuuttila, S. & Silvo, K. 2004. Eutrophication of Aquatic Ecosystems: A New
Method for Calculating the Potential Contributions of Nitrogen and Phosphorus.
Journal of Life Cycle Assessment 9(2): 90-100.
Seppälä, J. & Tenhunen, J. 2000. Impact assessment. In: Tenhunen, J. & Seppälä, J. 2000 (eds.).
Regional environmental analysis – Southern Savo as an example. Helsinki, Finnish
Environment Institute. The Finnish Environment 383, p. 30-65. (In Finnish)
Tenhunen, J. & Seppälä, J. 2000 (eds.). Regional environmental analysis – South Savo as an
example. Helsinki, Finnish Environment Institute. The Finnish Environment 383. (In
Finnish)
von Winterfelt, D. & Edwards, W. 1986. Decision analysis and behavioral research. Cambridge
University Press.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105The Finnish Environment 697en
Annex 1. Descriptions of the environmental impact
(problem) categories
Environmental problem category Description
Climate change Climate change refers to the warming of the climate as a consequence of an increase in
greenhouse gases. The greenhouse gases (e.g., carbon dioxide, CO2, nitrous oxide, N2O
and methane, CH
4
, admit the incoming short-wave radiation from the sun, but retain
the long-wave heat radiation radiating back from the surface of the earth. Atmospheric
warming occurs unevenly in different geographical areas. The impact is more visible in
the northern continental region, in which the winters are predicted to warm up most.
Climate change reinforces the ongoing habitat changes, and threatens to eradicate
entire habitats.
Stratospheric ozone depletion Stratospheric ozone depletion refers to the depletion of ozone (O
3
) and the thinning of
the ozone layer in the stratosphere. Ozone serves to remove the most harmful element
in the ultraviolet radiation penetrating to the earth. Ozone depletion is a consequence
of the transport of persistent compounds containing chlorine (Cl) or bromine (Br) into
the upper atmosphere. Increased ultraviolet radiation leads to, e.g, harmful impacts on
health. It increases the susceptibility to sunburns and the risk of skin cancer. The
radiation has increased more in the southern hemisphere than in the north, and the
most near the polar areas.
Tropospheric ozone formation Photo-oxidants, the most harmful of which is ozone (O3), are created from
hydrocarbons and nitrogen oxides in bright sunlight. Ozone and the gases forming it
are conveyed by air currents and increase the concentrations of ozone in wide areas.
Ozone is a powerful oxidant, and also a gas that cleans the atmosphere, but high
concentrations in the troposphere are harmful. When inhaled, ozone paralyses the
lungs and causes, e.g., coughing and shortness of breath. As a powerful oxidant, ozone
damages the cell tissues of plants and weakens the growth of trees and cultivated
plants.
Acidification Acidification refers to a decrease in the resistance of nature to acidifying depositions.
The buffering capacity of the soil varies, e.g., by the geological conditions in the area.
Acidification influences forest growth and the pH level of aquatic ecosystems. Forest
lakes, organisms in headwater streams and the vegetation in forests with poor soils are
especially susceptible to acidification. Acid rain causes damage to materials and the
built environment.
Eutrophication of waters The eutrophication of waters refers to the increased growth rate of aquatic organisms
and the increase in phytoplankton and water plants due to an imbalance in the aquatic
ecosystem. Due to the eutrophication of the aquatic ecosystem, more oxygen is required
to decompose dead organisms (cf. aquatic oxygen depletion). The ecosystem impacts of
eutrophication are harmful for the recreational use of watercourses (sliming of fishing
nets, degradation of swimming waters) and for the household and commercial use of
surface waters.
Aquatic oxygen depletion As a consequence of human activities, organic matter and ammonium nitrogen (NH4
+),
are leached into watercourses, where they consume the oxygen in the water. In this
connection, oxygen depletion refers to the decreased oxygen levels in waters caused by
these compounds. Oxygen depletion influences the entire aquatic ecosystem by causing,
e.g., fish kills.
Ecotoxicity In this connection, ecotoxicity refers to the toxic effects of continuous emissions caused
by environmentally hazardous chemicals in ecosystems. The toxic effects may be acute
(accidents) or chronic. The concentrations of toxic substances in so-called continuous
emissions are not high enough to cause acute toxic effects. In the current context, the
damage caused by pesticide use is left outside the scope of this impact category
(cf. Contamination of soil and water resources).
Continues on the next page.
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Environmental accidents Environmental accidents refer to unexpected disasters and accidents, which result in the
release of harmful or toxic substances into the environment.
Contamination of soil and water As a consequence of human activity, harmful substances are released into the soil, and
resources can also make their way into groundwaters and surface waters. Harmful substances in
the soil and water resources can pose a local threat to human health. The vegetation
and animal life may also suffer from the contamination of soil and water. The damage
caused by pesticide use is taken into account in this context.
Deterioration of local In order to safeguard human health, limit values and guideline values have been set for
air quality air quality in urban areas. Deterioration of the local air quality also results in nuisance
and direct damages to vegetation caused by sulphur and nitrogen compounds.
Depletion of non-renewable Natural resource use is considered as a stock factor in sustainable development,
resources according to which the natural resources of the earth should be used in a manner that
fulfils the needs of current generations without decreasing the possibilities of future
generations to fulfil their own needs.
Odour Odour refers to unpleasant smells experienced by human beings. The so-called olfactory
threshold level, i.e., the lowest concentration level at which olfactory sensations are
perceived, varies considerably among different people.
Noise Noise refers to sound levels or corresponding vibration levels that are harmful to health
or significantly reduce environmental amenity. Guideline values have been set for
average noise levels for both daytime and night-time activities.
Loss of biodiversity Biodiversity refers to the diversity occurring on all levels of living nature. Ecological
functions are an essential part of biodiversity. The impact of human activity on
biodiversity is related to land use activities, in particular. The direct and indirect
impacts of emissions on biodiversity are significantly smaller. Climate change, however,
which is a result of greenhouse gas emissions, constitutes a growing threat to
biodiversity in Finland. In the present context, only changes due to land use are
included in the problem-area of biodiversity loss.
Degradation of landscapes and The aesthetic values of the landscape may be disturbed by, e.g., buildings, structures,
cultural environments roads, land resource extraction, construction on shorelines, water constructions,
changes in agricultural practices and forestry operations.
Loss of recreational values Recreational values refer to people’s opportunities to enjoy the conditions and
experiences provided by their living and leisure-time environments, and nature.
Outdoor activities, hiking, picking berries, gathering mushrooms and hunting are
recreational activities. Amenity refers to the health and aesthetic qualities of the living
and leisure-time environment.
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Annex 2. Parties and persons participating in the valuation of
environmental problems
Expert working group of the Southeast Finland Regional Environment Centre
(Lappeenranta, Sept. 23, 2003)
Ojanen Pekka Southeast Finland Regional Environment Centre
Pesari Juha Southeast Finland Regional Environment Centre
Stam Tuija Southeast Finland Regional Environment Centre
Tanska Tuula Southeast Finland Regional Environment Centre
Toikka Mika Southeast Finland Regional Environment Centre
Timperi Jukka Southeast Finland Regional Environment Centre
Tenhunen Jyrki (chair) Finnish Environment Institute
Hiltunen Marja-Riitta (secretary) Finnish Environment Institute
Persons who handed in the environmental problem category valuation task
(Kouvola workshop, May 21, 2003)
Andersson Juhani ESPE Oy
Arvonen Arja City of Kuusankoski
Eskelinen Pertti Federation of Municipalities of the Kouvola Region
Friman Hannu Kouvola-Valkeala Joint Municipal Board for Public Health Work
Glumoff Tapio City of Hamina
Gunnar Leena Southeast Finland Regional Environment Centre
Hamari Risto Kymenlaakso Council, Advisory Committee on Environmental Policy
Hasu Johanna Kymenlaakso Polytechnic
Hupanen Jarkko Cellkem Oy
Junttila Vesa LCA Engineering Oy
Kauhanen Reijo Real Estate Association of Southern Kymenlaakso
Kauppi Lea Finnish Environment Institute
Keva Tero Kymenlaakso Polytechnic
Korhonen Risto Kymenlaakso Polytechnic
Lehtikangas Hannu Kymenlaakso Rural Advisory Centre
Lonka Harriet Gaia Group Oy
Luotonen Hannu City of Kouvola, Municipal Engineering
Mankki Jukka Kymenlaakso Water and Environment Association
Nykänen Laila Kotkan Satama Oy (Port of Kotka)
Ojala Heli City of Kotka, Environment Centre
Outinen Pia Stora Enso, Kotka factories
Panula-Ontto-Suuronen Anni Southeast Finland Road District
Pellinen Jukka Kymen ympäristölaboratorio Oy (Kymi Environment Laboratories)
Rautiainen Leena Federation of Municipalities of the Kouvola Region, Waste Management
Reponen Pekka Stora Enso Anjalankoski
Ristola Juhani Kymenlaakso Union of Agricultural Producers and Forest Owners
Sihvonen Pekka Kotkan Energia Oy (Kotka Energy Utility)
Smeds Sakari Nordea
Suurnäkki Juha Karjalan Prikaati (Karelian Brigade)
Tiainen Veli-Matti Finnish Environment Instutute
Tigerstedt Peter Southeast Finland Summer University
Välinoro Tapio Regional Council of Kymenlaakso
Weckroth Timo Forestry Centre Southeastern Finland
Yläsaari Kauko Kymenlaakso Polytechni
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Annex 3. The contribution of different interventions to
the loss of biodiversity
The assessment of biodiversity for the Kymenlaakso region was conducted according
to the principles used in evaluating the loss of biodiversity in Southern Savo in
2000 (Seppälä and Tenhunen 2000).
The loss of biodiversity is influenced both by factors related to land use and by
emissions. In this connection, biodiversity loss only includes the problems caused
by land use, because land use is both the most important cause of biodiversity loss,
and the most significant threat to the continued existence of species.
The assessment of the relative significance of the causes (Table 1, Column 2) of
the biodiversity loss problem is based directly on the estimated impacts of different
factors on the number of endangered species in Finland. The input data for the
percentage shares of the causes of species endangerment were obtained from the
report of the II Monitoring Group for Endangered Species (Rassi et al. 2001). These
percentages were used as the starting point in estimating the regional loss of
biodiversity. The report did not however, distinguish among different types of
construction (i.e., buildings, roads and coastline constructions), so this item was
divided in proportion to the figures obtained in the assessment of biodiversity loss
in Southern Savo.
Table 1. Impact of different interventions on biodiversity loss in Finland and in Kymenlaakso
Cause of endangerment Cause (%) Share (%) of the biodiversity Share (%) of the biodiversity
 in Finland loss in Kymenlaakso of the loss in Kymenlaakso of the
biodiversity loss problem in biodiversity loss problem in
Finland as a whole Finland as a whole
(accounting for land use only)
Catching and hunting 0.8 0.025 0.030
Gathering and picking 0.5 0.016 0.019
Disturbance and traffic 0.3 0.011 0.013
Erosion of soil and bedrock 1.7 0.057 0.068
Construction
Building construction 1.8 0.101 0.120
Road construction 7.1 0.284 0.338
Construction on shores 1.2 0.058 0.069
Gravel extraction and mining 2.1 0.098 0.117
Changes in agricultural land use 1.2 0.042 0.050
Enclosure of open space 25.5 0.784 0.933
Forestry operations 34.7 0.815 0.971
Ditching and peat extraction 3.2 0.168 0.199
Water constructions 3.9 0.258 0.307
Total 84 2.717 3.235
The share of Kymenlaakso of the biodiversity loss problem in Finland as a whole
was calculated in three stages. In the first stage, the shares of the different activity
sectors of the corresponding activity sector activities in the entire country were
calculated (Table 2). The estimations were based on figures that were judged to best
describe the share of each sector in Kymenlaakso compared with Finland as a whole.
In the second stage, the national percentages (Table 1, Column 2) were
multiplied by the activity figures, as presented in Table 3. The weightings used in
the calculations in Table 3 were based on estimates by environmental experts
working in the region of Kymenlaakso.
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Column 2 of Table 1 presents only the factors related to land use, which together
contribute to 84 per cent of the biodiversity loss in Finland. The final share for
Kymenlaakso of the factors related to land use in Finland as a whole that influence
biodiversity loss is obtained when the percentages presented in Column 3 of Figure
1 are divided by 0.84, i.e., the figure from which the impact shares of other than
land use related causes have been subtracted, and the quotients are summed up.
Following this calculation procedure, we obtain a share of 3.2 % as the share of
Kymenlaakso in the biodiversity problem on the national level.
Table 2. The estimated % share of activity sectors in Kymenlaakso of the corresponding activity sector activities in the entire
country, and the grounds for the estimates.
Activity sector Share (%) Grounds for the estimate
S=sector
Agriculture S1 0.038 Share of cultivated land of the total cultivated land in the whole country
Forestry S2 0.0235 Share of forest stocks of the total stocks in the whole country
Industry S3 0.1149 Share of CO2 emissions of the total CO2 emissions in the whole country
Communities S4 0.0377 Share of urban population of the total urban population in the whole country
Rural settlements S5 0.0288 Share of rural population of the total rural population in the whole country
Traffic S6 0.0334 Share of road traffic mileage of the total road traffic mileage in the whole country
Table 3. Principles for calculating the relative impacts of different factors influencing biodiversity in Kymenlaakso.
Cause of endangerment Calculation principle
Catching and hunting = Finland % * (S4*0.3+S5*0.7)
Gathering and picking = Finland % * (S4*0.4+S5*0.6)
Disturbance and traffic = Finland % * (S1*0.1+S2*0.3+S3*0.05+S4*0.2+S5*0.15+S6*0.2)
Erosion of soil and bedrock = Finland % * (S2*0.4+S3*0.05+S4*0.25+S5*0.2+S6*0.1)
Building construction = Finland % * (S1*0.05+S3*0.25+S4*0.6+S5*0.1)
Road construction = Finland % * (S1*0.05+S2*0.2+S3*0.1+S4*0.15+S5*0.1+S6*0.4)
Construction on shorelines = Finland % * (S3*0.2+S4*0.2+S5*0.5+S6*0.1)
Gravel extraction and mining = Finland % * (S1*0.05+S2*0.05+S3*0.15+S4*0.4+S5*0.05+S6*0.3)
Changes in agricultural land use = Finland % * (S1*0.7+S2*0.2+S4*0.05+S6*0.05)
Enclosure of open space = Finland % * (S1*0.5+S2*0.5)
Forestry operations = Finland % * S2
Ditching and peat extraction = Finland % * (S1*0.05+S2*0.6+S3*0.3+S4*0.05)
Water constructions = Finland % * (S1*0.05+S2*0.05+S3*0.4+S4*0.1+S6*0.4)
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Annex 4. Valuation task on environmental issues
ECOREG-workshop, May 21, 2003, Kouvola
J. Tenhunen/SYKE
Name of respondent:
Affiliation:
E-mail:
Telephone:
QUESTIONNAIRE FORM
The questionnaire form and the descriptions of the environmental problem
categories are also available at the web-address http://www.ymparisto.fi/tutkimus/
eu/ecoreg/ecoreg.htm
Please return the form by e-mail to jyrki.tenhunen@ymparisto.fi or by post to Jyrki
Tenhunen, SYKE, BOX 140, 00251 Helsinki.
TASK
Please select the environmental problems on the list below that you consider to be
relevant in Kymenlaakso. You may also choose all the environmental problems listed
below. The descriptions of the problem categories can be found in the attachment.
Place the environmental problems that you selected in rank order of importance.
Tropospheric ozone formation 1)
Ecotoxicity
Odour
Acidification
Aquatic oxygen depletion
Climate change
Loss of biodiversity
Contamination of soil and water resources
Degradation of landscapes and cultural environments
Noise
Deterioration of local air quality
Aquatic eutrophication
Depletion of non-renewable natural resources
Loss of recreational values and amenity
Stratospheric ozone depletion
Other problem category, please elaborate:
Environmental problem category
1. (Most important)
2. (Second-most important)
3. etc.
4.
5.
6.
7.
8.
9.
10.
…
1) Follows the order used in the Finnish version that was alphabetical.
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Annex 5. Breakdown of impact values (damage scores) from the impact
assessment by activity sector
Agriculture Forestry Communities Rural and Industry Traffic
holiday homes
Climate change CO2 34 3 239 4 390 113
N
2
0 36 0 3 0 6 3
CH4 13 0 21 0 28 0
Stratospheric ozone depletion CFC 0 0 250 107 0 0
Tropospheric ozone formation NO
X
8 3 37 1 96 82
NMVOC 0 0 9 3 4 0
CO 2 0 6 3 4 16
Acidification SO
2
1 1 66 2 89 12
NOX 7 2 32 1 83 72
NH3 46 0 0 0 0 0
Eutrophication NO
X
4 1 18 1 48 41
NH3 18 0 0 0 0 0
NH4
+(w) 0 2 130 0 0 0
P(w) 247 8 12 20 46 0
N(w) 412 8 225 29 104 0
Aquatic oxygen depletion BOD7 4 0 17 12 151 0
NH
4
+(w) 0 1 107 0 0 0
Ecotoxicity TOX(Contiunous emissions) 39 0 118 79 315 236
Environmental accidents TOX(Environmental accidents) 0 0 91 0 455 364
Contamination of soil and water resources TOX(Landfills) 0 0 109 0 255 0
TOX(Contaminated soils) 0 0 102 0 306 102
Pesticides 69 4 0 0 0 0
Microbes 29 0 22 15 7 0
Nitrates 124 7 7 0 7 0
Chlorides 0 0 0 0 29 263
Deterioration of local air quality Fine particulates(PM
10
) 0 0 41 0 82 82
Particulates (total suspended) 0 0 23 0 15 39
CO 2 0 5 2 3 13
NO
X
4 1 17 1 43 37
SO2 0 0 20 1 27 4
NH3 26 0 0 0 0 0
O
3
0 0 1 0 4 21
Depletion of non-renewable natural resources Gravel extraction 8 8 63 8 24 47
Peat extraction 2 0 2 0 36 0
Other land extraction 0 0 2 18 0 0
Rock excavation 0 0 59 24 36 0
Fossil fuels 3 3 15 3 24 12
Odour 79 0 39 0 157 118
Noise 0 0 0 0 132 308
Continues on the next page.
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Loss of biodiversity Catching and hunting 0 0 2 5 0 0
Gathering and picking 0 0 2 3 0 0
Disturbance and traffic 0 1 1 0 0 1
Erosion of soil and bedrock 0 6 4 3 1 2
Building construction 1 0 16 3 7 0
Road construction 4 15 12 8 8 31
Construction on shores 0 0 3 8 3 2
Gravel extraction and mining 1 1 11 1 4 8
Changes in agricultural land use 8 2 1 0 0 1
Enclosure of open space 107 107 0 0 0 0
Forestry operations 0 222 0 0 0 0
Ditching and peat excavation 2 27 2 0 14 0
Water constructions 4 4 7 0 28 28
Degradation of landscapes and cultural Erosion of soil and bedrock 0 8 5 4 1 2
environments Building construction 4 0 45 8 19 0
Road construction 1 4 3 2 2 8
Construction on shores 0 0 8 19 8 4
Gravel extraction and mining 1 1 8 1 3 6
Changes in agricultural land use 40 11 3 0 0 3
Enclosure of open space 19 19 0 0 0 0
Forestry operations 0 57 0 0 0 0
Ditching and peat excavation 1 11 1 0 6 0
Water constructions 1 1 2 0 8 8
Desertification of the countryside 6 2 6 0 6 0
Loss of recreational values Disturbance and traffic 8 23 15 11 4 15
Erosion of soil and bedrock 0 8 5 4 1 2
Building construction 2 0 23 4 9 0
Road construction 1 4 3 2 2 8
Construction on shores 0 0 11 28 11 6
Gravel extraction and mining 1 1 8 1 3 6
Changes in agricultural land use 0 0 0 0 0 0
Enclosure of open space 0 0 0 0 0 0
Forestry operations 0 75 0 0 0 0
Ditching and peat excavation 2 23 2 0 11 0
Water constructions 2 2 4 0 15 15
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Introduction
The environmental indicators were designed for an evaluation and monitoring
system for eco-efficiency. Their actual use in the system will be documented in the
final report of the ECOREG project.
The first proposals for environmental indicators for annual monitoring in the
Kymenlaakso region were presented in the second regional workshop of the project
in Kotka in December 2003. The local stakeholders were provided the opportunity
to present their own suggestions and influence the final choice of indicators. In the
workshop, a larger number of indicators were presented than those listed in the
present report. The number of indicators was cut down, and new suggestions were
adopted. The discussions raised a wide variety of interesting suggestions for
indicators. In many cases, however, data availability emerged as a problem. The
selected indicators for annual monitoring are presented in Table 1. Other potential
indicators for less frequent monitoring are presented in chapter 3.
Most of the environmental indicators selected were factors describing
environmental conditions or environmental loads, but the indicators also include a
few environmental measures targeted at the biodiversity preservation. The selection
of the indicators was mainly based on the environmental analysis of Kymenlaakso
(Parts 1 and 2 of the report). The indicators have a clear connection to the impact
categories in the impact assessment (see Part 2). Brief descriptions of the impact
categories are presented in the section on impact assessment in the present report
(Part 2, Annex 1). The indicator list also includes indicators that are not a direct
outcome of the impact assessment based on life cycle assessment methodology, but
which were nevertheless considered important issues to monitor, and which indicate
changes in the environment in one way or another.
In the future, the aim is to monitor annually the indicators for which the data
can be relatively effortlessly retrieved from statistics or databases. The development
of the condition of the environment can be best monitored using an environmental
analysis conducted every five years, which however requires the compilation of a
thorough emission dataset, i.e., an inventory. Documentation sheets have been
compiled for the indicators for annual monitoring, and they are filled in according
to uniform principles. (Chapter 2)
The aim of the indicator documentation sheets is to explain the process for the
annual calculation of the indicators, and identify the necessary data sources. The
results are best presented as time-series. The analyses conducted in the present
report should only be considered as examples for future monitoring targets, because
time-series for many of the indicators could not be compiled due to the lack of
statistics. In general, the results presented here should be regarded critically. It would
be best to inspect the background and the accuracy of the data before adopting the
indicators. The reasons underlying changes in the indicators would merit a more
comprehensive investigation than has been conducted in the present study.
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ 1
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Table 1. Indicators for annual monitoring in the region of Kymenlaakso
Indicator Connection to impact (problem)
categories in the impact assessment
1. Carbon dioxide emissions from industry, energy production and road traffic (t/a) Climate change
2. Nitrogen oxide emissions from industry, energy production and road traffic (t/a) Tropospheric ozone formation, acidification,
eutrophication, local air quality
3. Sulphur dioxide emissions from industry, energy production and road traffic (t/a) Acidification, local air quality
4. a) Passenger traffic mileages by car and by bus (km) Climate change, tropospheric ozone formation,
b) Goods traffic mileages by road and by rail (km) local air quality, noise
5. a) Riparian zone contracts concerning special measures of agri-environmental support (number, ha) Eutrophication
b) Nitrogen loads to waters from communities, rural settlements and industry (t/a)
6. a) Number of oil and chemical accidents (number/a) Environmental accidents
b) Amount of oil and chemicals released into the environment in accidents (l/a)
7. a) Emissions of dioxins and furans (g/a) Ecotoxicity
b) Emissions of polyaromatic hydrocarbons (PAH emissions) (kg/a)
c) Emissions of metals (Cd, Pb, Hg) (kg/a)
8. a) Groundwater chloride concentrations (mg/l) Contamination of soil and water resources
b) Groundwater nitrate-nitrogen concentrations (µg/l)
9. Average number of days when the limit value for the average daily concentration Local air quality
(>50 µg/m3) of fine particulates (PM10) is exceeded (number/a)
10. Average number of days when the average concentration of odorous sulphur compounds (TRS) Odour, local air quality
 exceeds 4 µg/m3 (number/a)
11. a) Traditional biotope, landscape management and biodiversity enhancement contracts concerning Loss of biodiversity, degradation  of landscapes and
special measures of agri-environmental support (number, ha) cultural environments, loss of recreational values
b) Contracts concerning environmental support for forestry (number, ha)
c) Total area of conservation areas (ha)
d) Area of regeneration fellings (ha)
e) Development of the growing stock of forests (increment/fellings)
12. Quantity of gravel and rock extracted (solid-m3/a) Depletion of renewable natural resources
13. a) Landfilling of municipal waste from households (kg/capita/a) Depletion of natural resources
b) Recovery rate of municipal waste from households (%)
14. a) Consumption of electricity and district heat (GWh/a) Climate change, acidification, depletion of
b) Self-sufficiency in energy production (%) non-renewable natural resources
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Indicators for annual monitoring
Indicator 1.
Carbon dioxide emissions from industry, energy production and road
traffic (t/a)
Selection criteria
According to the environmental analysis conducted for Kymenlaakso in 2000, the
activities in the area with the largest impact on climate change are greenhouse gases
(carbon dioxide CO2, methane CH4, nitrous oxide N2O) from industry, communities
and traffic. The total share of these activity sectors in the impact value for climate
change amounts to approximately 90 %. Carbon dioxide alone accounts for 80 % of
the impacts from greenhouse gases in Kymenlaakso and the whole of Finland. In
Kymenlaakso, road traffic was responsible for 92 % of the carbon dioxide emissions
from the whole traffic sector in 2000. The carbon dioxide emissions from industry,
energy produced within the region, and road traffic together account for most of
the carbon dioxide emissions in the Kymenlaakso region, and they thus can be used
as an indicator of the general trend in greenhouse gas emissions in the region.
Calculation
The value of the indicator is the total quantity in tons of the annual carbon dioxide
emissions from industry, energy production and road traffic in the region. The
regional data for industry and energy production are obtained from the Vahti, the
Finnish environmental data systems, and for road traffic, from the Lipasto calculation
system of the VTT by municipality.
Results for 1995-2002
Due to the source of the data, only the emissions from plants required to submit a
notification are included in the emissions from industry and energy production,
and thus the emissions from small industries and small-scale combustion are not
included in the results (Table 2). Road traffic includes passenger and goods traffic,
except for passenger traffic by motorcycle or moped.
Table 2. Carbon dioxide emissions from industry, energy production and road traffic in Kymenlaakso in 1995-2002 (Vahti and VTT).
Carbon dioxide emissions (kt/a)
1995 1996 1997 1998 1999 2000 2001 2002
Industry 1 512 1 467 1 664 1 507 1 419 1 407 1 209 1 202
Energy production 1 049 1 051 878 652 602 692 850 1 039
Road traffic 384 382 401 404 410 407 407 422
Total 2 945 2 900 2 943 2 564 2 431 2 506 2 466 2 663
○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○2
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Interpretation of the results
The carbon dioxide emissions in Kymenlaakso have decreased from 1995 to 2002
(Figure 1). This is mainly due to a reduction in the emissions from industry. There
was also a significant reduction in the carbon dioxide emissions from energy
production in 1998, when energy production within the region was cut down, and
the share of imported energy increased. Since the early 2000s, the quantities of
energy produced in the region and the use of fossil fuels have grown, which is
visible in an upward trend in the indicator. The quantity of energy produced in the
region does not directly reflect the amount of energy consumed in the region. For
example, since 1995, Kymenlaakso has imported an increasing amount of electricity.
Data on the emissions from road traffic, calculated by municipality, are available
from the year 2001 onwards. The results from that year on are more reliable and
mutually comparable than the earlier ones due to the consistent calculation
procedures used. As the pre-2001 data on the carbon dioxide emissions from road
traffic are not available, the data for these years were calculated using the change
index for carbon dioxide emissions from road traffic in the Lipasto calculation system
of the VTT.
Sources
Vahti, the Finnish environmental data systems
Lipasto calculation system of the VTT, http://lipasto.vtt.fi
Indicator 2.
Nitrogen oxide emissions from industry, energy production and road
traffic (t/a)
Selection criteria
Nitrogen oxides have many harmful effects on the environment, including the
formation of ozone in the troposphere and the acidification of soil and waters. In
Finland, the largest emissions of nitrogen oxides are generated in traffic (60%),
Figure 1. Carbon dioxide emissions from industry, energy production and road traffic in
Kymenlaakso in 1995-2002 (Vahti and VTT).
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energy production (25 %) and industry (10 %). In Kymenlaakso, however, the
distribution is more inclined toward industry (46 %) and traffic (36 %). Industry,
communities and traffic accounted for 95 % of the total impact value for nitrogen
oxides.
Calculation
The value of the indicator is the total quantity in tons of the annual nitrogen oxide
emissions from industry, energy production and road traffic. The regional data for
industry and energy production are obtained from the Vahti data systems, and for
road traffic by municipality, from the Lipasto calculation system of the VTT.
Results for 1995 – 2002
Due to the source of the data, only the emissions from plants required to submit a
notification are included in the emissions from industry and energy production,
and thus the emissions from small industries and small-scale combustion are not
included in the results (Table 3). Road traffic includes passenger and goods traffic,
except for passenger traffic by motorcycle or moped.
Table 3. Nitrogen oxide emissions from industry, energy production and road traffic in Kymenlaakso in 1995-2002 (Vahti and VTT).
Nitrogen oxide emissions (t/a)
1995 1996 1997 1998 1999 2000 2001 2002
Industry 4 765 4 877 4 616 4 859 4 616 4 505 3 457 3 148
Energy production 1 575 1 657 1 505 1 195 1 117 1 438 1 528 1 980
Road traffic 4 000 3 789 3 584 3 360 3 171 2 951 2 716 2 622
Total 10 340 10 324 9 705 9 415 8 904 8 895 7 702 7 750
Figure 2. Nitrogen oxide emissions from industry, energy production and road traffic in
Kymenlaakso in 1995-2002.
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Interpretation of the results
During the years monitored, 1995-2002, the nitrogen oxide emissions in Kymenlaakso
have decreased (Figure 2). The decrease in the emissions is due to reductions in
emissions from industry and road traffic. The nitrogen oxide emissions were stable
during the late 1990s, but since the year 2000 they have taken a clear downturn.
The reported emission trend for road traffic does not necessarily reflect the real
development accurately, because the time-series is based on the change index
reported by the VTT. The emissions from energy production also declined from
1996 to 1999, but since then the emissions have taken an upturn. In 2002, the nitrogen
oxide emissions from energy production exceeded the initial level in 1995.
Sources
Vahti, the Finnish environmental data systems
Lipasto calculation system of the VTT, http://lipasto.vtt.fi
Indicator 3.
Sulphur dioxide emissions from industry, energy production and road
traffic (t/a)
Selection criteria
Sulphur dioxide emissions, which are the most significant cause of acidification,
have decreased in the whole of Finland due to improved sulphur removal methods
in industrial and power plants. On the level of Finland as a whole, the largest
emissions of sulphur dioxide are caused by energy production and industry.
According to the inventory report, however, industry accounts for the largest share
of sulphur dioxide emissions in Kymenlaakso (52 %), while local energy production
accounts for 40 %. In Kymenlaakso, ships are the main cause of the sulphur dioxide
emissions from traffic, but traffic overall is not a significant source of sulphur dioxide
emissions (7 %).
Calculation
The value of the indicator is the total quantity in tons of the annual sulphur dioxide
emissions from industry and energy production in the region. The regional data
are obtained from the Vahti data systems.
Results for 1995-2002
Due to the source of the data, only the emissions from plants required to submit a
notification are included in the emissions from industry and energy production,
and thus the emissions from small industries and small-scale combustion are not
included in the results (Table 4).
Table 4. Sulphur dioxide emissions from industry and energy production in Kymenlaakso in 1995-2002 (Vahti).
Sulphur dioxide emissions (t/a)
1995 1996 1997 1998 1999 2000 2001 2002
Industry 2 745 2 572 2 620 2 533 1 896 2 028 1 177 746
Energy production 1 020 1 105 1 172 1 086 1 108 1 193 1 099 1 277
Total 3 765 3 677 3 792 3 620 3 004 3 221 2 277 2 022
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Interpretation of the results
The total sulphur dioxide emissions in Kymenlaakso have decreased during the
period 1995-2002 (Figure 3), as natural gas and biofuels have replaced coal as energy
sources. The sulphur dioxide emissions from energy production, however, have
steadily increased. By 2002, the sulphur dioxide emissions from industry had
decreased to approximately one-third of the 1995 level. The reduction in sulphur
dioxide emissions in the early 2000s was due to significant cuts in the use of coal as
a fuel by the pulp and paper industry.
Source
Vahti, the Finnish environmental data systems
Indicator 4.
a) Passenger traffic mileages by car and by bus (km)
b) Goods traffic mileages by road and by rail (km)
Selection criteria
The traffic volumes in Kymenlaakso are continually growing, both in the traffic
within the region, and in traffic passing through it. In order to mitigate the damage
from growing traffic volumes, traffic should shift to modes with lower
environmental burdens. In goods traffic, this means a shift from road to rail
transports, and in passenger traffic, a shift from private to public transportation.
Reducing the volume of car traffic would improve the local air quality and mitigate
climate change and ozone formation in the troposphere. Reducing the noise from
traffic would also increase the amenity of the region, especially in urban areas.
Calculation
Annual mileages for all transport modes are obtained from the Lipasto system
maintained by the VTT. For road traffic, the mileages can be obtained by municipality,
and for rail traffic, by railroad line section.
Figure 3. Sulphur dioxide emissions from industry and energy production in Kymenlaakso in
1995-2002 (Vahti).
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Results for 2001-2002
Results are only available for the years 2001 and 2002. The passenger car mileage
includes the mileages for both petrol and diesel cars (Table 5). The road goods traffic
mileage includes both lorries and trailer lorries. The van mileage is not included in
the road traffic mileage. The goods traffic mileage by rail includes the mileages of
both diesel and electrical trains.
Table 5. Mileage and development index (year 2001 = 100) of passenger and goods traffic in Kymenlaakso in 2001 and 2002
(VTT).
million vehicle-km Development index
2001 2002 2001 2002
Passenger traffic: cars 1 384.0 1 419.9 100 102.6
Passenger traffic: buses 17.5 18.5 100 105.4
Goods traffic: road 120.7 131.9 100 109.3
Goods traffic: rail 1.62 1.54 100 95.4
Figure 4. Development of passenger and goods traffic mileages in Kymenlaakso in 2001-
2002 (VTT).
Interpretation of the results
In passenger traffic, the absolute vehicle-mileages of both private cars and buses
grew steadily between the years 2001 and 2002. In relative terms, the bus traffic
grew slightly more than the private car traffic (Figure 4). Road traffic constitutes an
outstandingly large share of the total goods traffic. It has continued to increase
while the mileage of goods traffic by rail has continued to decrease.
The period examined is short, because only the results for the years 2001-2002
in the calculation system of the VTT are based on actual mileages for passenger and
goods traffic, whereas the estimates for the 1990s are based on index calculations
for the entire volume of road traffic. It seems, however, that a slight increase in bus
traffic is to be expected. In goods traffic, the development is going in an unfavourable
direction, because road transports have increased their share, while transports by
rail have consequently decreased.
Source
Lipasto calculation system of the VTT, http://lipasto.vtt.fi
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Indicator 5.
a) Riparian zone contracts concerning special measures of agri-
environmental support (number, ha)
b) Nitrogen loads to waters from communities, rural settlements and
industry (t/a)
Selection criteria
According to the environmental analysis, nitrogen and phosphorus loads from
agriculture are the largest source of eutrophication of waters in Kymenlaakso. The
agri-environmental support system requires farmers to commit themselves to
pollution prevention. The area of riparian zones included as special measures in
the agri-environmental support indicates an effort to reduce the eutrophication of
waters caused by agriculture.
The nitrogen loads from municipal and industrial wastewater treatment plants
and from rural settlements are also significant causes of eutrophication. The
phosphorus load, in contrast, has decreased due to environmental investments.
Calculation
a) The annual number and area of riparian zone contracts concerning special
measures of agri-environmental support are obtained from the Southeast Finland
Employment and Economic Development Centre.
b) The nitrogen loads from industry, communities and rural settlements are all added
up. The emission loads from industrial and municipal wastewater treatment plants
are obtained from the Vahti data systems. The emission load from rural settlements
is calculated using per capita specific emission loads for dry and water closets defined
by the Southeast Finland Regional Environment Centre for the population not
connected to the municipal sewage system. Pre-2000 statistics for the number of
residents not connected to the municipal sewage system are available by region
from the register of municipal water and sewage plants maintained by the Finnish
Environment Institute (SYKE). The data for Kymenlaakso have not been compiled
since 2000, and thus the number of residents not connected to the sewage system
was estimated on the basis of data for 1995-2000.
Results for 1995-2000
a) The number and area of valid riparian zone contracts qualifying for special
measures of agri-environmental support are presented as time-series in Table 6 and
Figure 5.
Table 6. Number and area of riparian zone contracts concerning special measures of agri-environmental support, 1995-2003
(Southeast Finland Employment and Economic Development Centre).
1995 1996 1997 1998 1999 2000 2001 2002 2003
Number 10 15 21 24 26 31 40 41 58
Hectares 19.2 32.8 43.8 48.5 52.0 63.2 86.2 96.8 149.4
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b) Time-series on the development of nitrogen loads to waters from communities,
rural settlements and industry are presented in Table 7 and Figure 6.
Table 7. Time-series on the development of nitrogen loads to waters from industry, communities and rural settlements in
Kymenlaakso, 1995-2002 (Vahti, Southeast Finland Regional Environment Centre, SYKE).
Nitrogen load to waters (t/a)
1995 1996 1997 1998 1999 2000 2001 2002
Industry 626 429 432 395 361 382 395 319
Communities 549 523 456 489 490 486 509 547
Rural settlements 87 84 84 81 78 67 64 60
Total 1 262 1 036 972 965 929 936 968 926
Figure 5. Number and area of valid riparian zone contracts concerning special measures of
agri-environmental support, 1995-2003 (Southeast Finland Employment and Economic
Development Centre).
Figure 6. Time-series on the development of nitrogen loads to waters from industry,
communities and rural settlements in Kymenlaakso, 1995-2002 (Vahti, Southeast Finland
Regional Environment Centre, SYKE).
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Interpretation of the results
The number and area of riparian zone contracts concerning special measures of
agri-environmental support have grown continually since 1995. Since 2000, their
growth has accelerated, and in 2003, a record number of 17 contracts were approved.
Even though relatively few riparian zones have been established in relation to the
real need for them, one can conclude that interest has grown in these contracts as a
means to prevent eutrophication.
The total nitrogen load to waters from communities, rural settlements and
industry has remained relatively stable since the year 1997. The year 2002, however,
was the best year in the period in terms of nitrogen loads, because the load from
industry decreased, which was reflected in a decrease in the total nitrogen load.
The nitrogen load from communities has been on a slight increase, whereas the
loads from rural settlements display a gradually declining trend. This is obviously
partly due to the increased number of people joining the municipal sewage system.
Sources
Southeast Finland Employment and Economic Development Centre
Southeast Finland Regional Environment Centre
SYKE, Finnish Environment Institute
Indicator 6.
a) Number of oil and chemical accidents (number/a)
b) Amount of oil and chemicals released into the environment in accidents
(l/a)
Selection criteria
Environmental accidents can have harmful effects on ground and surface waters
and on the soil. The largest numbers of environmental accidents occur in industry
and transports. Continuous efforts are being made to reduce the risk of accidents,
e.g., by using best available techniques (BAT) and risk management procedures.
In Kymenlaakso, the level railway crossings and transfer and shunting
operations of tank wagons and containers are risk factors for railway accidents.
The development in the numbers of oil and chemical accidents indicates the
successfulness of risk management efforts.
Calculation
The numbers of oil spills and chemical accidents occurring in Kymenlaakso are
added up annually. The quantities of oil and chemicals released into the
environment in connection with these accidents are also added up. The figures by
municipality are obtained from the Vakas register maintained by the Southeast
Finland Regional Environment Centre.
Results for 1995-2002
The number of oil and chemical accidents and the amount of oil and chemicals
released into the environment in connection with them are presented as time-series
in Table 8 and Figure 7.
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Table 8. The number of oil and chemical accidents and the amount of oil and chemicals released into the environment in the
spills in Kymenlaakso in 1995-2002 (Southeast Finland Regional Environment Centre).
1995 1996 1997 1998 1999 2000 2001 2002
Amount of oil and chemicals released (l/a) 12 353 15 079 15 781 11 809 11 647 5 288 8 429 12 399
Number of accidents (number/a) 38 48 55 55 62 60 54 56
Figure 7. The number of oil and chemical accidents and the amount of oil and chemicals
released into the environment in the spills in Kymenlaakso in 1995-2002 (Southeast Finland
Regional Environment Centre).
Interpretation of the results
The number of oil spills and chemical accidents increased steadily until 1999, after
which their number has been on a slight decline. The annual amount of chemicals
released has varied intensely during the years. During the period considered, the
smallest amount of oil and chemicals was released in 2000, but on the other hand,
there were a large number of accidents that year. On the basis of the results, we
might conclude that the number of accidents has grown slightly over the years, but
the accidents have been increasingly smaller. Yet during the past few years, the
extent of damage caused by the accidents has started to grow again.
Four major accidents that occurred in the region of Kymenlaakso were
eliminated from the data, because the amount of oil and chemicals released in these
accidents were tenfold larger than in the other accidents. They would have distorted
the proportions between the number of accidents and the amount of substances
released. Major oil spills occurred in 1995, 1998 and 2001, and one large chemical
accident occurred in 1995. The substances released in these accidents were
immediately recovered, or the contaminated soil was removed for remediation,
and thus the damage caused by them was eliminated immediately after the
accidents.
Source
Southeast Finland Regional Environment Centre (Vakas register)
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Indicator 7.
a) Emissions of dioxins and furans (g/a)
b) Emissions of polyaromatic hydrocarbons (PAH emissions) (kg/a)
c) Emissions of metals (Cd, Pb, Hg) (kg/a)
Selection criteria
Ecotoxic substances are still released into the environment, even though many
harmful substances have been banned. Especially the emissions of dioxins and
furans have been large in Kymenlaakso due to the wood preservative used in earlier
days. Ecotoxic substances are not merely a local problem, however, but are dispersed
throughout wide areas as depositions carried by the wind. The decrease in emissions
of ecotoxic substances in Kymenlaakso may thus contribute to the welfare of
ecosystems in a broader area.
Calculation
The annual releases of dioxins and furans in the region of Kymenlaakso are added
up. The same is done for the emissions of polyaromatic hydrocarbons. Data on
industrial and dispersed emissions by municipality are calculated by the Finnish
Environment Institute (SYKE). The emissions of metals (Cd, Pb, Hg) are calculated
by region using the Vahti data systems.
Results for 1995-2002
The emissions of dioxins, furans and polyaromatic hydrocarbons are reported by
municipality only from the year 2000 onwards (Table 9). The data for the year 2002
will be available later on. Due to the source of data used, the emissions of metals
from industry and energy production only include the emissions from plants
required to submit a notification, and thus the metal emissions from small industrial
plants are not included in the results (Figure 8).
Table 9. Emissions of dioxins, furans, and polyaromatic hydrocarbons released in Kymenlaakso in 2000 and 2001, and metal
emissions from industry and energy production for 1995-2002 (Vahti, SYKE).
1995 1996 1997 1998 1999 2000 2001 2002
Emissions of dioxins and furans (g/a) 1.0 1.1
PAH emissions (kg/a) 577.9 613.1
Metal emissions (kg/a)
Lead (Pb) 99.9 97.0 139.0 204.2 206.7 181.2 55.4 42.3
Mercury (Hg) 35.0 44.1 34.6 43.5 20.7 41.3 43.8 45.4
Cadmium (Cd) 9.9 11.4 17.3 15.0 3.2 5.9 5.1 1.4
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Interpretation of the results
The emissions of dioxins, furans and polyaromatic hydrocarbons increased slightly
between 2000 and 2001. Due to the limited number of sample years, the overall
development of the emissions cannot be evaluated at present. One should also
consider the comprehensiveness and accuracy of the statistics critically. The sharp
increase in 1997-1998 in the emissions of lead reported to the Vahti data systems is
due to increased emission levels reported by the Mussalo power plant and the
company Optiroc. After these years the emission levels decreased, and have been
below the initial level since 2001. The emissions of mercury and cadmium have
remained fairly stable during the period considered.
Sources
SYKE, Finnish Environment Institute
Vahti, the Finnish environmental data systems
Indicator 8.
a) Groundwater chloride concentrations (mg/l)
b) Groundwater nitrate-nitrogen concentrations (µg/l)
Selection criteria
The most important groundwater areas in Kymenlaakso are located in the
surroundings of the Salpausselkä ridge. Even though the overall groundwater
quality in Kymenlaakso is good, it is considered an important asset to safeguard.
The chloride levels of groundwater in Kymenlaakso are influenced, e.g., by salting
the roads, and the nitrate-nitrogen levels, e.g., by agricultural fertilisers.
Calculation
There are two groundwater monitoring stations administered by the Finnish
Environment Institute in Kymenlaakso, one in Valkeala and the other in Elimäki. In
calculating the indicator, both monitoring points are treated separately, which
enables the comparison of changes in the concentration levels observed in the
Figure 8. Emissions of metals from industry and energy production in Kymenlaakso, 1995-
2002 (Vahti).
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different monitoring points. The indicator value is obtained by calculating the annual
averages of the concentrations measured in both monitoring points. If there are
multiple measurements for one day, the average of these measurements is calculated,
and this average is included as one value in the calculation of the annual average.
The data are obtained from the groundwater monitoring system of the Finnish
Environment Institute (SYKE).
Results for 1995-2001
The chloride and nitrate-nitrogen concentrations are presented as time series from
the two monitoring points in Kymenlaakso in Table 10 and Figure 9.
Table 10. Average annual concentrations of chloride and nitrate-nitrogen measured in the groundwater in Valkeala and
Elimäki, 1995-2001 (SYKE).
1995 1996 1997 1998 1999 2000 2001
Chloride concentration (mg/l)
Valkeala 18.8 19.6 20.4 20.4 20.4 19.9 20.6
Elimäki 2.8 2.1 1.5 1.0 0.9 1.3 1.3
Nitrate-nitrogen concentration (µg/l)
Valkeala 79.8 72.8 67.8 62.8 74.0 62.3 62.3
Elimäki 950.7 2 038.8 1 278.8 554.3 740.0 368.3 350.0
Figure 9. Average annual concentrations of chloride and nitrate nitrogen measured in the
groundwater in Valkeala and Elimäki, 1995-2001 (SYKE).
Interpretation of the results
There have not been any large changes in the chloride concentrations in either of
the monitoring points during period considered, 1995-2001. The concentrations have
slightly but steadily grown in Valkeala, and decreased in Elimäki. The high levels
of chloride concentrations in Valkeala are due to salting a road running across the
groundwater recharge area. The nitrate nitrogen levels in Valkeala have been low
during the entire period considered, whereas the nitrate nitrogen levels in Elimäki
are many times larger in comparison to Valkeala. In 1996, there was a sharp rise in
the nitrate-nitrogen concentrations in Elimäki (the reason has not been discovered),
but in the following few years the concentrations dropped to below the initial level.
Source
SYKE, Finnish Environment Institute
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Indicator 9.
Average number of days when the limit value for the average daily
concentration (>50 µg/m3) of fine particulates (PM10) is exceeded (number/a)
Selection criteria
Local air quality has an impact on residents’ health and on the amenity of the region.
The concentration of inhalable particulates is used as a measure of local air quality.
Its value depends on local emissions such as those from traffic, industry and street
dust and small-scale wood combustion, but also on the prevailing meteorological
conditions. PM10 particulates can, however, be viewed as a local problem, as they
are less amenable to long-range transport than the finer particulates.
Calculation
The average number of days when the limit value (>50 µg/m3) for the daily
concentration of fine particulates (PM10) is exceeded is calculated as the average of
results from all monitoring points. The limit value (>50 µg/m3) for air quality was
selected as a definition for the indicator value because it is based on more recent
research than the guideline value for air quality (>70 µg/m3). In measurements, the
air volume for fine particulates is reported at ambient temperature and pressure.
The monitoring points (two at present) in Kotka are maintained by the
Environment Centre of the City of Kotka. In Kouvola, the monitoring point is
managed by the Environmental Health Department of the Kouvola-Valkeala Joint
Municipal Board for Public Health Work. The results, however, are most easily
obtained from the Finnish Meteorological Institute (FMI), which maintains an
information system for the results from municipalities monitoring air quality.
Results for 1995-2002
In 1995-1999, there were two air quality monitoring points in Kymenlaakso that
measured fine particulate concentrations (Table 11). Since 2000, there have been
three monitoring points, and they are located in Kotka and Kouvola.
Table 11. Number and location of air quality monitoring points and the number of limit value exceedance days and the
average number of limit value exceedance days in Kymenlaakso in 1995-2002 (FMI).
Monitoring points 1995 1996 1997 1998 1999 2000 2001 2002
Kotka 1 1 1 1 1 2 2 2
Kouvola 1 1 1 1 1 1 1 1
Total 2 2 2 2 2 3 3 3
Exceedance days 32 15 21 29 20 21 18 49
Exceedance days/ monitoring point 16 7.5 10.5 14.5 10 7 6 16.3
Interpretation of the results
During the period considered, we can see annual variations in the average number
of days when fine particulate (PM10) concentrations exceeded the limit values (Figure
10). In 1995, the number of exceedance days was high, but it fell to half that level in
the next year. When interpreting the results, we need to keep in mind that since
2000, there have been three monitoring points, instead of the previous two. In
proportion to the number of monitoring points, the air quality in 2000 and 2001
was fairly good in terms of fine particulates.
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Due to the small number of monitoring points, the results only reflect the
damage to air quality from fine particulates experienced in specific areas, and thus
the results cannot be directly generalised to concern the entire Kymenlaakso region.
Source
FMI (Finnish Meteorological Institute, Air Quality Monitoring)
Indicator 10.
Average number of days when the average concentration of odorous
sulphur compounds (TRS) exceeds 4 µg/m3 (number/a)
Selection criteria
The largest contributors to odour nuisance are industry and traffic. In Kymenlaakso,
the wood processing industry, especially the pulp industry, causes local and
intermittent odour nuisances, which are due to odorous sulphur compounds. The
odour nuisances of chemical pulp mills are usually concentrated in the immediate
vicinity of the mills, i.e., in Kotka and Kuusankoski. The Council of State has issued
a guideline value of 10µg/m3 for the concentration of odorous sulphur compounds,
but sensations of odour arise at even lower concentrations. The so-called olfactory
threshold level varies among people, but it can be generally assumed to be
approximately 4 µg/m3.
Calculation
The average number of exceedance days for the olfactory threshold level (4 µg/m3)
is calculated as the average of all monitoring points. The result does not indicate
the average number of days in which the olfactory threshold was exceeded in
Kymenlaakso, because on that day, the odour may have been recorded in a number
of different monitoring points. The result, however, reflects the extent of the area
affected by the odorous sulphur compounds in Kymenlaakso.
The monitoring points in Kotka are maintained by the Environment Centre of
the City of Kotka. The other monitoring points are managed by the Environmental
Health Department of the Kouvola-Valkeala Joint Municipal Board for Public Health
Work. The results, however, are most easily obtained from the Finnish Meteorological
Institute (FMI), which maintains an information system for the results from
municipalities monitoring air quality.
Figure 10. Average number of limit value (>50 µg/m3) exceedance days for fine particulates
(PM10) at the monitoring points in Kymenlaakso, 1995-2002 (FMI).
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Results for 1995-2001
In the period 1995-2002, the number of monitoring points measuring odorous
sulphur compounds has ranged between two to five (Table 12). The monitoring
points are located in Kotka, Kouvola, Kuusankoski and Valkeala. The air volume for
odorous sulphur compounds is reported at 20 °C.
Table 12. Number and location of monitoring points for odorous sulphur compounds, numbers of exceedance days of the
4 µg/m3 level, and average number of exceedance days in Kymenlaakso, 1995-2002 (FMI).
Monitoring points 1995 1996 1997 1998 1999 2000 2001 2002
Kotka 2 2 2 2 2 2
Kouvola 1 1 1 1 1
Kuusankoski 1 1 1 1 1 1 1 1
Valkeala 1 1 1 1 1 1 1 1
Total 2 3 5 5 5 5 4 4
Exceedance days 6 5 214 149 174 43 14 18
Exceedance days / monitoring point 3 1.7 42.8 29.8 34.8 8.6 3.5 4.5
Figure 11. Average numbers of days when the concentration of odorous sulphur compounds
exceeded 4 µg/m3 in Kymenlaakso, 1995-2002 (FMI).
Interpretation of the results
The different years are not fully comparable due the changes in the number of
monitoring points. The results presented here are clearly influenced by the addition
of the two monitoring points in Kotka in the monitoring system. There have been,
however, improvements in the surroundings of Kotka, as the number of exceedance
days there has decreased. When interpreting the results, it is important to keep in
mind that they do not directly indicate the annual average number of days with
odour nuisances. This is because the same odour may have been recorded at different
monitoring points on the same day. The result is more an indicator of the range and
extent of the odours. Weather conditions and the location of the monitoring points
also affect the results. For example, the transfer of the other monitoring point in
Kotka from Hakalanmäki to Rauhala in 2000 may have contributed to the drop in
the concentrations measured in Kotka.
Due to the limited number of monitoring points, the results only reflect the
odour nuisances experienced in specific areas, without covering the whole of
Kymenlaakso. Even when the monitoring points in use do not record an odour
nuisance, this does not exclude the possibility that concentrations exceeding the
olfactory level might occur somewhere else in Kymenlaakso.
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Source
FMI (Finnish Meteorological Institute, Air Quality Monitoring)
Indicator 11.
a) Traditional biotope, landscape management and biodiversity
enhancement contracts concerning special measures of agri-environmental
support (number, ha)
b) Contracts concerning environmental support for forestry (number, ha)
c) Total area of conservation areas (ha)
d) Area of regeneration fellings (ha)
e) Development of the growing stock of forests (increment/fellings)
Selection criteria
The loss of biodiversity and recreational values and also the degradation of
landscapes and cultural environments are a consequence of different kinds of
human activities. The most important causes are urbanisation, industrialisation,
agriculture, and forestry. The extent of regeneration fellings, the development of
the growing stock of forests and the number of conservation areas are factors that
influence changes in the landscape, recreational opportunities and biodiversity.
An increase in the number of contracts concerning environmental support for
forestry facilitates the preservation of exceptionally valuable habitats and
biodiversity. It also improves the landscape and recreational opportunities.
Contracts on the management of traditional biotopes and landscapes are special
measures in the agri-environmental support programme. Their number and the
area covered by them reflect the willingness of the farmers to preserve cultural
environments and biodiversity. The same support programme also includes
contracts for the enhancement of biodiversity, which aim to preserve and promote
biodiversity in agricultural environments.
Calculation
The value of the special agri-environmental support indicator is obtained by adding
up the numbers of all valid contracts for traditional biotope and landscape
management and biodiversity enhancement, and correspondingly, the areas covered
by them. The information on the number of farms receiving special agri-
environmental support are obtained from the Southeast Finland Employment and
Economic Development Centre.
Table 13 and Figure 12. Numbers and areas of special agri-environmental support contracts for landscape and traditional biotope management and biodiversity
enhancement in Kymenlaakso, 1995-2003 (Southeast Finland Employment and Economic Development Centre).
1995 1996 1997 1998 1999 2000 2001 2002 2003
Contract n ha n ha n ha n ha n ha n ha n ha n ha n ha
Landscape management 9 18.8 20 33.1 41 107.7 61 167.4 67 184.1 63 172.7 68 178.5 66 161.1 63 154.1
Biodiversity 0 0 2 3.4 9 27.8 11 33.0 15 42.7 15 42.7 29 74.2 37 80.7 22 120.1
Traditional biotopes 1 1.7 2 3.3 7 11.0 13 21.1 17 59.2 16 57.5 17 64.3 15 66.4 47 79.9
Total 10 20.5 24 39.8 57 146.5 85 221.5 99 285.9 94 272.9 114 317 118 308.1 132 354.1
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The number and area of the environmental forestry support contracts are
obtained from the Forestry Centre Southeastern Finland.
The area of conservation areas includes both conservation areas on private
land and conservation areas owned by the state. The data are obtained from the
Southeast Finland Regional Environment Centre.
The data on the annual regeneration felling area are obtained from the Forestry
Centre Southeastern Finland. The development of the growing stock of forests is
calculated by dividing the annual increment of forests by their annual felling
removals, which means the amount of roundwood removed from the forest. The
data are obtained from the publications of the Forestry Research Institute.
Results for 1995-2003
Comprehensive time-series are not available for all the above-mentioned indicators.
Results are presented in Tables 13 and 14, and in Figures 12-14. The longest time-
series can be constructed for the agri-environmental support system, because the
system has been in force since 1995. The EU legislation on environmental support
contracts for forestry was not implemented in Finland until the turn of the
millennium. The data on regeneration fellings by region in Southeast Finland are
only available for the years since 2001. The fellings for the year 2000 were estimated
on the basis of calculations.
Table 14. Area of regeneration fellings, and number and area of environmental forestry support contracts in Kymenlaakso,
2000-2002 (Forestry Centre Southeastern Finland), and area of conservation areas and ratio reflecting the growing stock of
forests (Forest Research Institute).
2000 2001 2002 2004
Area of regeneration fellings (ha) 4 145 3 320 3 683
Environmental forestry support contracts
- number 6 9 11
- ha 21.1 24.8 28.9
Area of conservation areas (ha) 3 942.1
Development of the growing stock of forests (increment/fellings) 1.12 1.26 1.17
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Figure 13. Number and area of environmental forestry support contracts in Kymenlaakso in
2000-2002 (Forestry Centre Southeastern Finland).
Figure 14. Area of regeneration fellings in Kymenlaakso in 2000-2002 (Forestry Centre
Southeastern Finland).
Interpretation of the results
The number of special support contracts in the agri-environmental support
programme has grown throughout the period considered, except for the year 2000,
when contracts were terminated after the first five-year period (Figure 12). Yet the
number of contracts grew again the very next year, and has continued to grow
since then. When considered by type of contract, the number of biodiversity
enhancement contracts has grown the most, whereas there have been very few
new landscape management contracts. The same trend is visible when considering
the acreages included within the contracts. Since 2001, the areas included in the
landscape management contracts have been on the decline, whereas the contracts
on traditional biotopes and biodiversity enhancement have served to increase the
total acreage.
During the period considered, the number of environmental support contracts
for forestry has grown steadily, by a few contracts per year. Due to the short time-
span of the times-series for the forestry indicators, it is impossible to forecast the
future developments.
The most important aim of nature conservation is to preserve the biodiversity
of nature. The most important conservation areas in Kymenlaakso are the national
parks of Eastern Gulf of Finland, Valkmusa and Repovesi, the bird-rich waters on
the coast, the River Kymi and the islands of Lake Saimaa.
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There are annual variations in the amount of regeneration fellings. In the three-
year period considered, the largest fellings were made in 2000 (Figure 14). There
are statistics by region available for the years 2001 and 2002, but the figures for 2000
are estimated on the basis of the felling area in Southeast Finland, and thus should
be interpreted with caution. The actual development can be monitored very
accurately in the future owing to the new statistics system.
The ratio of forest increment to fellings reflects the sustainable use of forests. If
the ratio remains above one, forests grow more than they are felled. If the ratio
should reverse to less than one, then the use of forest resources exceeds the limits
of sustainable use. In Kymenlaakso, the ratio has for present remained at a sustainable
level.
Sources
Forestry Centre Southeastern Finland
Southeast Finland Employment and Economic Development Centre
Southeast Finland Regional Environment Centre
Forest Research Institute
Indicator 12.
Quantity of gravel and rock extracted (solid-m3/a)
Selection criteria
In Finland, the largest quantities of non-renewable natural resources used consist
of gravel and rock, along with peat. There are outstandingly large rock excavation
areas with permits for land extraction in Kymenlaakso, and the extraction of gravel
and rock are considered the largest individual factor contributing to the depletion
of non-renewable natural resources in the region.
Calculation
The indicator value is the sum of the quantities of extracted gravel and rock. The
data by municipality on gravel and rock extraction are obtained from the annual
report on Extractable land resource volumes and permits published by the Finnish
Environment Institute (SYKE).
Results for 1999-2002
Table 15. Quantities of gravel and rock extracted in Kymenlaakso in 1999-2002.
solid-m3/a
1999 2000 2001 2002
gravel 871 963 717 648 662 691 926 561
rock 1 098 493 553 439 1 017 847 696 535
Total 1 970 456 1 271 087 1 680 538 1 623 096
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Interpretation of the results
The quantities of gravel and rock extracted decreased during the year 2000 (Table
15). In the next year, however, the total amount of extracted land resources rose
sharply, due to a large increase in rock extraction. The results indicate that the annual
variation in the amount of rock extracted is larger than in the amount of gravel, and
the swings in the total indicator value are a reflection of variations in rock extraction.
Source
Finnish Environment Institute (annual report Extractable land resource volumes and permits)
Indicator 13.
a) Landfilling of municipal waste from households (kg/capita/a)
b) Recovery rate of municipal waste from households (%)
Selection criteria
Municipal waste is one of the simplest indicators of the eco-efficiency of
consumption patterns. The total quantity of household waste can be viewed as a
measure of the intensity of consumption. The quantity of waste disposed of in
landfills, in turn, reflects the residues that have not been successfully recovered as
materials or energy. Furthermore, the relation of these two variables can be used to
calculate the recovery rate, which indicates how efficient the community has been
in recovering the waste materials that arise.
Calculation
The value of indicator a) can be obtained by adding up the sum total of all ordinary
household waste disposed of in landfills and dividing the sum by the number of
residents in the region. The figure does not include hazardous waste, sewage sludge,
construction and demolition waste, or excess soil. The data are obtained from the
Vahti data systems.
Figure 15. Quantities of gravel and rock extracted in Kymenlaakso in 1999-2002.
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In order to calculate indicator b), one must separately establish or estimate the
amount of waste recovered in each recoverable waste fraction. Potential waste
fractions include biowaste, energy waste, paper collected for recycling, metals, board,
etc. The quantities of the separate fractions are estimated on the basis of data obtained
from recovery operators (e.g., Paperinkeräys Oy: waste paper and board,
Kymenlaakson Jäte Oy: biowaste and energy waste, MePak Oy: metals). The
quantities of metals and other recovered waste in the present report were calculated
from the quantities reported in the Southeast Finland Regional Waste Management
Plan in proportion to the number of inhabitants. There were grounds to assume
that the quantity of energy waste reported in the plan was derived entirely from
Kymenlaakso.
The recovery rate is calculated by dividing the amount of waste recovered by
the total amount of waste. The total amount of waste refers to the sum total of the
amount of waste placed in landfills and the amount of waste recovered.
Results for the year 2000
There were a total of 188 633 inhabitants in Kymenlaakso in 2000. Thus, the amount
of waste disposed of in landfills was 242 kg/resident and the amount of waste recovered
was 157 kg/resident (Table 16). The recovery rate was approximately 39 %.
Table 16. Quantities of municipal waste from households in Kymenlaakso in 2000.
Waste fraction t/a kg/capita/a
Biowaste 0 0
Energy waste 14 784 78
Metals 1 560 8
Board 2 393 13
Paper 10 018 53
Other separately collected waste 780 4
Recovered waste 29 534 157
Waste disposed of in landfills 45 672 242
Total quantity of waste 75 206 399
Interpretation of the results
In total, 39 % of the municipal waste from the households in Kymenlaakso was
recovered in 2000. Of this amount, 51 % was recovered as energy, and the rest as
materials. The annual changes on the amounts of municipal waste from households
are probably small. In contrast, changes in waste management solutions may have
an impact on the total waste recovery rate in the region even in the short term.
There still were a total of eight landfills in use in Kymenlaakso in 2000. Since
early 2002, there has only been one landfill in the region. In contrast, the treatment
methods of household waste have not changed since the year 2000, although
alternative methods for biowaste treatment are being investigated.
Sources
The report Monitoring and revision of the Southeast Finland Regional Waste Management Plan 2003;
Southeast Finland Regional Environment Centre
Paperinkeräys Oy
Vahti, the Finnish environmental data systems
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Indicator 14.
a) Consumption of electricity and district heat (GWh/a)
b) Self-sufficiency in energy production (%)
Selection criteria
There is a growing trend in electricity consumption in the whole of Finland. The
largest users of electricity are industry and communities. Heavy industries using
large amounts of energy are concentrated in Kymenlaakso, which raises the energy
intensity of the region far beyond the national average. In 2000, industry accounted
for 83 % of the electricity consumption in the region. The self-sufficiency rate, in
turn, indicates how large a share of the environmental load from electricity
production is located within Kymenlaakso, and how large a share in turn occurs
outside the region. The development of district heat consumption indicates the
potential growth of the district heat network and the impacts of variations in
temperature on the annual consumption figures.
Calculation
The figures for electricity consumption include the consumption by households,
agriculture, industry, services and the public sector during the year. The annual
regional data are obtained from the report Electricity and District Heat by Adato Oy.
The figures on district heat consumption are obtained from the Finnish District
Heating Association. The self-sufficiency rate is obtained by calculating the electricity
production within the region on the basis of data from the Vahti data systems.
Results for 1995-2002
The time-series for electricity consumption from 1995 to 2002 are presented in Table
17 and in Figure 16. The consumption figures for district heat were only available
for the period 2000-2002 (Table 17 and Figure 16).
Table 17. Electricity consumption, 1995-2002, and district heat consumption, 2000-2002, in Kymenlaakso (Adato Oy, Finnish
District Heating Association).
Electricity and district heat consumption (GWh)
1995 1996 1997 1998 1999 2000 2001 2002
Electricity 6 809 6 525 7 088 7 169 7 188 7 387 7 159 6 957
District heat 670 776 785
Total 8 057 7 935 7 742
The self-sufficiency rate for electricity production was calculated in the current
project for the years 1970, 1980, 1995 and 2000 (Table 18 and Figure 17).
Table 18. Development of the self-sufficiency rate for electricity consumed in Kymenlaakso, 1970-2000.
1970 1980 1995 2000
Self-sufficiency rate for electricity production (%) 97 77 68 51
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Interpretation of the results
In the period analysed, 1995-2002, there were no large annual variations in the
electricity consumption in Kymenlaakso. In the period studied, the electricity
consumption peaked in 2000, and has slightly decreased since then. The differences
are not, however, significant. In the 2000s, the consumption of district heat has
gradually grown. The self-sufficiency rate in electricity production, in turn, has
decreased considerably between 1970 and 2000, from almost full self-sufficiency to
about half of the total consumption. This is most probably due to national and
international decisions in energy policy.
Sources
Adato Oy; Electricity and District Heat reports
Finnish District Heating Association
Figure 16. Electricity consumption, 1995-2002, and district heat consumption, 2000-2002,
in Kymenlaakso (Adato Oy, Finnish District Heating Association).
Figure 17. Self-sufficiency rate for electricity consumed in Kymenlaakso, 1970-2000.
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Other environmental indicators
In the workshop arranged by the ECOREG project in Kotka in December 2003, and
in the steering group discussions, a number of other interesting suggestions were
presented for indicators to be monitored in the Kymenlaakso region. As stated before,
the largest problem with these indicators is the availability of appropriate
information on an annual basis. In this context, however, it is worth listing the
indicators that can be monitored, but for which either the values do not change
significantly from year to year, or which can only be monitored at an interval of a
few years, because of the laboriousness of collecting the necessary data.
Total area used for construction or traffic areas (ha)
Land use and construction are connected to many environmental impacts, which
include, e.g., impacts on the physical quality of the land, biodiversity and aesthetic
values, as well as recreational and cultural values. Construction alters the available
land use alternatives and the landscape. Constructed areas covered 3.55 % of the
land area in Kymenlaakso in the year 2000. The area covered by traffic areas was 5
207 ha, and that of constructed areas, including residential and office buildings, is
17 154 ha. The total constructed area in Kymenlaakso in 2000 was 22 361 ha (Hertta
Environmental Data Management System).
Share of unbuilt shores of the shoreline (%)
Many factors influence the loss of biodiversity and recreational opportunities and
the degradation of landscapes and cultural environments. One of the most important
factors is construction on the shorelines. The share of unbuilt shores is an indicator
of changes in the landscape and loss of biodiversity. In 2000, 72.4 % of the shoreline
in Kymenlaakso was unbuilt, including both the coastline and the lakes (Risto Suikki,
Southeast Finland Regional Environment Centre, 2003).
Number of contaminated sites in Priority Class 1, i.e., requiring
remediation (number)
There are a sizeable number of sites in Kymenlaakso that involve a potential risk to
soil or to groundwaters. All these sites are not necessarily environmentally unsound,
so the sites have been classified into four priority classes. Sites included in Priority
Class 1 involve a risk to the soil or to groundwater, so they must be remediated or
otherwise gained under control. The development of the number of sites in Priority
Class 1 is, on the one hand, an indicator of the number of new sites identified, but
it also describes the number of remediated sites. All sites in the statistics are risk
sites, but they are not necessarily contaminated. In 2003, there were 67 sites in Priority
Class 1 in Kymenlaakso (Juha Pohjoisaho, Southeast Finland Regional Environment
Centre, 2003).
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Number of people exposed to road traffic noise above 55 dB (number)
Road traffic is usually the most significant source of noise. Noise from other traffic
forms and industrial noise can also be experienced as a local problem. The Council
of State has set guideline values for both daytime and night-time noise, which aim
to prevent disturbance by noise and to ensure the amenity of the environment in
land use, traffic and construction planning. By Decision of the Council of State, the
guidance value for daytime noise levels between 7 am and 10 pm in residential and
urban areas is 55 dB. In 2003, the number of people living in areas with road traffic
noise (above 55 dB) in Kymenlaakso was 7 766 persons (Heli Uimarihuhta, Finnish
Road Administration, 2003).
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Applicability of the adopted
indicators in other regions
The economic structure and natural conditions vary by region, in Finland and also
elsewhere in Europe. The state of the environment is primarily influenced by the
number of people living in the region and the population density. A growing
population increases the amount of construction and traffic and the level of
urbanization. Energy is consumed and wastes are generated everywhere where
there are human activities.
Almost all the environmental indicators selected in this study are applicable
on a European basis. As such, they are especially suited for use in other regions in
Finland. Common activities that influence the environment include agriculture,
industry, energy production for communities, and traffic.
Protecting the soil and groundwaters is important everywhere, even though
the quality characteristics that need to be monitored vary. The role of forests for
industry and for conserving biodiversity is emphasized in Northern Europe.
Elsewhere in Europe, it is possible to replace these issues with other indicators that
are more illustrative of the development of the region. The selection process
documented in the present study, including the environmental analysis, provides
a good model for such efforts.
When selecting the indicators for annual monitoring, emphasis was placed on
easily accessible data. Member countries report data on many of the indicators
presented here to the EU. These data should be easily accessible in the information
systems of each country. All Member States also share the same environmental
support systems for agriculture and forestry. The accessibility of the data on the
regional level, however, depends on the local systems for compiling statistics in
each country.
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Alueellisen ekotehokkuuden kehityksen arvioinnissa tarvitaan tietoa sekä alueen taloudellisista
tekijöistä että ympäristössä tapahtuvista muutoksista. Tässä työssä on dokumentoitu Kymen-
laakson alueen ympäristötekijöiden arviointimenettely, jolla voidaan valita ympäristönkuormi-
tusta tai –vaikutuksia kuvaavat indikaattorit ekotehokkuuden arviointia varten joko laajemman
ympäristöanalyysin tulosten pohjalta tai alueelle valituista vuosittain seurattavista ympäristöin-
dikaattoreista.
Kymenlaaksolle tehty elinkaariarvioinnin mukainen alueellinen ympäristöanalyysi perustui
vuoden 2000 ympäristökuormitustietoihin. Analyysi toteutettiin kaksivaiheisena. Ensimmäinen
vaihe käsitti inventaarioanalyysin, jossa kerättiin yhteen paikallisten toimintosektoreiden (mm.
maatalous, metsätalous, teollisuus, yhdyskunnat ja liikenne) päästötiedot. Alueelle tuotavien
polttoaineiden, teollisuuden suurimpien raaka-ainevirtojen ja tuontisähkön valmistuksen ympä-
ristökuormitus arvioitiin materiaalivirta-analyysin avulla. Toisessa vaiheessa inventaariotietojen
pohjalta tehtiin päätösanalyysimenetelmää käyttävä ympäristövaikutusarviointi. Mallissa pääs-
töjen lisäksi muut paikalliset ympäristötekijät arvotettiin erilaisten vaikutusten yhdistämiseksi.
Vaikutusarvioinnin tuloksena saatiin käsitys niistä toiminnoista ja kuormitustekijöistä, jotka ai-
heuttavat eniten haittavaikutuksia ympäristössä.
Kymenlaakson vuosittain seurattavat ympäristöindikaattorit (26 kpl) kehitettiin ympäristö-
analyysin pohjalta. Niiden yhdeksi kriteeriksi asetettiin tiedon helppo saatavuus joko tilastoista
tai tietojärjestelmistä. Indikaattorivalikoimaa voidaan sellaisenaan käyttää kaikissa Suomen maa-
kunnissa ja suurinta osaa niistä myös EU:n alueen muissa maakunnissa.
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För att man skall kunna följa med utväcklingen av den regionala eko-effektiviteten behöver man
information om såväl regionala ekonomiska faktorer som förändringar som sker i miljön. I den-
na publikation dokumenteras de metoder som använts för att beräkna miljöförändringarna i
Kymmenedalen. På basen av dessa beräkningar kan man välja miljöindikatorer för uppföljning
av eko-effektiviteten. Dessa indikatorer kan antingen beskriva miljöbelastning eller miljöns till-
stånd och kan väljas på basen av en omfattande miljöanalys eller på basen av de indikatorer man
valt att årligen följa med inom regionen.
Den miljöanalys för Kymmenedalen som gjordes med hjälp av livscykelanalys byggde på mil-
jöbelastningsinformation för år 2000. Analysen utfördes i två faser. Den första fasen utgjordes av
en miljöinventering, vilket innebar att utsläppsinformation för de lokala sektorerna sammans-
tälldes (bla. jordbruk, skogsbruk, industri, samhälle och trafik). Miljöbelastningen som förorsaka-
des av importerat bränsle, av industrins råvaruimport samt av importen av elektricitet beräkna-
des med hjälp av en materialflödesanalys. Den andra fasen bestod av en miljökonsekvensbe-
dömning, som gjordes utgående från miljöinventeringen med hjälp av beslutsanalysmetoder. I
modellen värderades förutom utsläpp också regionens andra miljöfaktorer så att olika effekter
kunde sammanslås. På basen av miljökonsekvensbedömningen fick man en uppfattning om vil-
ka verksamheter och vilken typ av miljöbelastning som leder till den största skadan i miljön.
Utgående från miljöanalysen utvecklades miljöindikatorer (26 st.) för årlig uppföljning. Ett
kriterium vid valet av indikatorer var att informationen skulle vara lätt tillgänglig, antingen i sta-
tistik eller databaser. Indikatorurvalet går som sådant att använda för samtliga landskap i Fin-
land och största delen går att använda för också andra regioner inom EU.
Regional miljöanalys och miljöindikatorer för Kymmenedalen.
ECOREG-projektets första dokumentationsrapport
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Publikationen finns tillgänglig också på internet www.ymparisto.fi/julkaisut.
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The Finnish Environment Institute, the Southeast Finland Regional Environment
Centre, the Regional Council of Kymenlaakso and the Thule Institute of the
University of Oulu are conducting (September 1, 2002 – December 31, 2004)
a Life-Environment project called “The Eco-efficiency of Regions –  Case
Kymenlaakso (ECOREG)” (LIFE02 ENV/FIN/000331).
In the first task of the project, regional environmental analysis was carried out for
the Kymenlaakso region for the year 2000, and environmental indicators were
designed on the basis of its results. The work is documented in this report.
Produced with the contribution of  the LIFE financial instrument of the
European Community.
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